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ABSTRACT 

PART  I:  REACTIONS  OF  ORGANOMAGNESIUM  COMPOUNDS  WITH 

a,  P-UNSATURATED  KETONES 


The  reactions  of  trans -4- phenyl-3-buten-2-one  (8b)  and  trans  -3- 
pentcn~2~one  (8a)  with  dimethyl-,  diethyl-  and  diphenylmagnesiurn  have 
U«fi  studied.  "The  ratio  of  conjugate  to  normal  addition  observed  was 
decreased  only  slightly  by  the  presence  of  magnesium  bromide  in  the 
reaction  mixture.  In  the  reaction  of  the  ketone  8b  with  dicthylmagnesium, 
variations  in  the  concentration  of  either  reactariFdid  not  significantly  alter 
the  proportions  of  normal  and  conjugate  addition  products.  The  presence 
of  cuprous  ion  favored  conjugate  addition  both  with  the  diaryl-  and  dialkyl- 
magnesiums  and  with  the  Grignara  reagents.  The  presence  of  excess 
lsopreno  in  the  reaction  mixtures  did  not  reduce  the  proportion  of  conju¬ 
gate  addition. 

PART  LI:  REACTIONS  OF  ORGANOMAGNESIUM  COMPOUNDS  WITH 
SATURATED  KETONES 


The  reactions  of  3-pontanono  (2)  and  2,  4-dirnethyl-3-pentanonc  (6) 
with  diethyl-  and  alkoxyothylmagnesiurn  (1)  have  been  studied.  The  ratio 
of  enoli/.ation  and  reduction  to  norma^dcTition  was  significantly  decreased 
by  the  presence  of  magnesium  bromide  in  the  reaction  mixture.  Kinetic 
data  for  these  reactions  havft/ak*e  be«Hi  obtained  The  order  of  reactlvitu  ■ 

‘  A 


for  the  organomagnesium  compounds  was  found  to  be  die tb.ylmagne slum 
greater  than  ethylmagne slum  bromide  or  alkoxye thylm agne s ium  (1), 
and  for  the  ketones,  3-pentanone  (2)  greater  than  2,  4 -dimethyl- 3 ■' 
pentanone  (6).  A  mixture  of  the  alkoxyethylmagnesium  compound  (I) 
with  magne'sium  bromide  gave  a  rate  comparable  to  e  thylm  ague  si  urn 
bromide. 
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PART  I 


REACTIONS  OE  ORGA  NOMAGNESIUM  COMPOUNDS  WITH 
a,  (3  -UNSATURATED  KETONES 


1. 


I.  INTRODUCTION 


Recent  investigations  have  provided  evidence  for  the  previous 
1  a 

suggestion  that  Grignard  reagents  are  solvated  complexes  _1  formed 


(1)  For  a  discussion  of  earlier  work  with  leading  references  see 

(a)  E.  G.  Rochow,  D.  T.  Hurd,  and  R.  N.  Lewis,  "The  Chemistry 
of  Organcmetallic  Compounds,  "  John  Wiley  and  Sons,  Inc.,  New 
York,  N.  Y. ,  1957;  (b)  M.  S.  Kharasch  and  O.  Reinmuth,  "Gripe. 
Reactions  of  Nonmetallic  Substances,  "  Prentice -Hall,  Inc.  ,  New 
York,  N.  Y.  ,  1954. 


from  dialkylmagnesium  compounds  and  magnesium  halides  rather  than 
equilibrating  mixtures  of  alkylmagnesium  halides  2,  dialkylmagnesium 


(2)  R.  E.  Dessy,  G.  S.  Handler,  J.  H.  Wotiz,  and  C.  A.  Hollingswort 
,1.  Am.  Chem.  Soc.  .  79,  3476(1957). 


compounds  3  and  magnesium  halides  4. 


1-5 


Since  the  magnesium  halide 


(  J)  (a)  R.  E.  Dessy  and  G-  S-  Handler,  ,J.  Am.  Chem.  Soc.,  80, 

5824  (1958); 

(b)  R.  E.  Dessy,  J,  Org.  Chem.  ,  25,  2260  (I960). 

(4)  The  lark  of  an  appreciable  concentration  of  free  carbantons  in 
dialkylmagnesiums  is  indicated  by  a  study  of  the  ultraviolet  spectral 
of  die inriumylmagne slum  [R.  II.  DeWolfe,  D.  L.  Hagemann,  and 

W.  G-  Young,  J.  Am.  Chem.  Soc.,  79,  4795  (1957)].  See  also 
J.  E.  Nordlander,  W.  Ct.  Young,  ancTJ.  D.  Roberts,  J.  Am.  Chem 
Soc.  ,  83,  494  (1961). 

(5)  For  simplicity,  the  solvent,  molecules  associated  with  the  organn- 
magnesium  eompounds  (Ref.  1)  have  been  omitted  from  the  formula 


4  are  appreciably  stronger  Lewis  acids  than  the  dialkyji magnesium  mm- 
ponndn  ?,  1,1  one  is  led  to  expect  that  the  course  of  rr:m  I  urns  -if  dialkyl  - 
magnesium  compounds  1  with  other  reagents  might  h<  mfl uc.'ccd  by  tin- 


-2- 

presence  or  absence  of  magnesium  halide  4.  This  expectation  is 
supported  by  a  number  of  observations  where,  in  the  absence  of  mag¬ 
nesium  halides,  the  following  effects  have  been  observed : 

A.  An  increased  rate  of  reaction  of 

1.  di ethylmagne s lum  with  l-hexyne3 

2.  dimethylmagnesium  with  acetone7 

3*  dimethylmagnesium  with  benzophenone8' 9 

B.  A  decreased  rate  of  addition  of  dialkylmagnesium  compounds  to  nitrile 57°’ 

C-  An  increased  amount  of  enolization  and  reduction  in  the  react. Iona  of 

1.  propylnagnesium  bromide  with  diisopropyl  ^etone12 

2.  dlalEylmagncsi  cn  compoundc,  with  diisoprop vl  ketone13"1'*  * 

D.  An  increased  amount  of  enolization  in  the  reaction  of  acetcmeo itylene 

with  dimethvlmagnef  turn .J-> 


(6)  (ad  J.  H.  Wotiz,  C.  A.  'Uv.il.i.ng'r worth,  and  R.  E.  Ds«.,sy,  J.  Org.  Chem 

21,  IO63  (1956);  (b)  J.  «.  Wottz,  C.  A.  Hollingsworth  'acid  R.  E. 

Dcssy,  J.  Am.  Chen.  Sc;...  1221  (1956);  (c)  R.  E.  Dessy,  J.  H. 

Wotlz,  and  C.  A.  Holl  3  ngsvortr...  J.  Am.  Chen? ■  Soc ,  ,  79*  558  (1957)  . 

(7)  J.  G.  As  ton  and  S.  A.  Bernhard,  Nature,  1.65,  48s  (1950)  - 

(8)  N.  M.  Bi kales  and  E.  I.  Becker.  Chi-mi. ;try  ana  Industry.  2.83.L  ( 196.1 )  „ 


(9)  (a)  M.  Anteunis,  J.  Org.  Chem.,  26,  U2.lt  (1961);  (b)  M.  Anteuri.s, 

J.  Org.  Chem. ,  27,  59o  (19027-' 

(iO'l  (a)  H.  Gilman  and  R.  E.  Brown,  J.  Am.  Chem.  Hoc  • ,  5 2,  1101  (l9$6) ; 

(b)  H.  Gilman  and  R.  E.  Fothergi.il,  J.  An;.  Cnem.  Soc.,  51U9  (1929). 

( Li)  For  more  recent  kinetic  studies  see  (a)  C.  G.  Swain,  J.  Am.  Chen.  See., 
69.  2*06  (i.9-*7);  (b)  S.  J.  Storier  and  E.  I.  Becker,  J.  Org.  Cb.cm., 

27,  l6 63.  (lv62);  (e)  J.  Vekemans  and  A.  Bruylants,  Bull.  Soc.  Chlm 

Beiges,  68,  SUl  (1959) • 

(  12)  C  3.  Swain  and  K.  B.  Boyles,  J.  Am.  Chem.  Soc.,  fi?0  (l95i)  E.  T. 

K 'Bee .  0  R  Pie r ~e ,  ar.d  J.  F.  Higgins,  J.  Am.  Cnem.  Sqc.,74,  1736  (1952). 


Killer  G.  Grcror 
(b )  D  0.  0  war, 


cu,  an i  K.  S.  KocVr.  J.  Am.  Chem.  3:  c 
and  S.  Mosher  ,  *.  Org .  Chem .  ,  27 ,  ' 


§4. 

i  70.  ?  I  . 
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(14)  A  well  known  example  of  differing  behavior  is  found  in  the  reac¬ 
tion  of  epoxides  with  organomagnesium  compounds.  N.  G. 
Gaylord  and  E.  I.  Becker,  Chem.  Revs.,  49,  413  (1951). 

(15)  G.  F.  Wright,  J.  Am.  Chem.  Soc.,  bl,  1152  (1939). 


The  addition  of  cuprous  chloride  has  also  been  previously 
reported***  as  causing  a  very  substantial  increase  in  the  amount  of  con¬ 
jugate  addition  in  the  reactions  of  Grigruard  reagents  with  a,  p-unsaturated 
ketones. 


(16}  M.  S.  Karasch  and  P.  O.  Tawney,  J.  Am.  Chem.  Soc.,  63, 
2308(194]).  - — 


The  normal  5  ar  d  conjugate  6  addition  products  obtained  from 

organomagnesium  compounds  7  and  a,  (3-unsat.vrated  ketones  8  have  been 
8  9  12,13  '•  7 

suggested-’  ’  ’  to  result,  from  the  cyclic  addition  processes  such 

]  8 

as  9  and  10  .  If  these  cyclic  mechanisms  are  correct,  normal  addition 


(17)  (a)  R.  E.  Lutz  and  W.  G.  Reveley,  J.  Am.  Chem.  Soc.,  63, 

3180  (194i;;  — 

(h)  For  a  comprehensive  review  and  discussion  see  Ref.  lb,  p.  19b. 

(18)  The  cyicic  mechanism  10  for  conjugate  addition  has  been  criti¬ 
cised  by  E.  R.  Alexander  and  G.  R.  Coraor  [J.  Am.  Chem.  Soc., 

73.  3721  (1951)]  on  the  grounds  that  such  a  process  is  sterically 
Tmp'-obable  for  the  observed  conjugated  addition  of  Grignard 
reagorts  to  eye lohexe none. 


should  be  fact’ 
rcai .  t,  >  • 


itated  by  the  presence  of  excess  magnesium  halide  ir  the 
•a  :,r  i  impeded  in  its  absence. 
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This  thesis  contains  a  study  of  various  factors,  including  the 
presence  or  absence  of  magnesium  bromide,  which  might  be  expected 
to  influence  the  reaction  of  a,  p~ unsaturated  ketones  with  organomag- 


nes  ium  c ompounda . 


,B  r 

''  ^ 

R,  Mg  yMp;  ir 
ter 


R?  Mg  +  Mg  Br^  ^  2  RMg  Br 


5. 


II.  DISCUSSION 


An  experimental  test  of  the  previously  discussed  prediction  has 
been  performed  by  reaction  of  unsaturated  ketones  8  with  organomag- 
neslum  compounds  V.  The  proportions  of  products  J5  and  obtained 
are  summarized  in  Table  I.  In  this  study  each  of  the  products  ^  and  6 

as  well  as  the  dienes  11  and  12  were  isolated  and  characterized.  To 

1 8 

avoid  the  analytical  difficulties  noted  in  previous  studies,  gas  chroma¬ 
tography  was  used  for  all  product  analyses  save  for  the  reaction  of  the 
phenylmagnesium  compounds  with  benzalacetone  8b  where  infrared 
analysis  was  employed. 

As  will  be  noted  in  Table  I,  the  predicted  A  0  enhancement  of 
conjugate  addition  to  n,  (3-unsaturated  ketones  in  the  absence  of  magnesium 
bromide  is  valid,  but  the  effect  is  very  slight.  That  the  small  effects 
observed  are  attributable  tn  the  absence  of  magnesium  bromide  rather 
than  to  the  presence  of  varying  amounts  of  impurities  is  indicated  by  a 
reversal  of  the  effect  when  the  dialkylmagnesiiwu  compounds  are  Ire  a  ted 
with  an  equimolar  amount  of  magnesium  bromide  prior  to  reaction  with 
the  unsaturated  ketone.  It  was  not  possible  to  obtain  meaningful  data  for 
reactions  of  the  unsuluralod  ketones  8  with  Grignurd  reagents  containing 
excess  magnesium  bromide  since  the  produets  5  from  normal  addition 
were  destroyed  by  the  reaction  conditions,  presumably  by  dehydration  of 
the  unsuturaled  alcohols  and  subsequent  polymerization  of  the  dienes 
formed.  .  Thus,  it.  is  concluded  that  the  suggested  '  enhancement  of 
normal  addition  by  adding  excess  magnesium  bromide  or  enhancement  of 
conjugate  addition  by  use  of  dialkylmagnesiums  free  from  magnesium 
bromide  has  little  preparative  value. 


6. 


Addition  of  1-5  mole  %of  cuprous  chloride  caused  a  very  sub¬ 
stantial  increase  in  the  proportion  of  conjugate  addition,  both  with 
Grignard  reagents  as  previously  reported,  ^  and  with  dialkyl-  and 
diarylmagnesium  compounds.  In  two  instances  addition  of  excess  iso- 
prene  to  reaction  mixtures,  either  in  the  presence  or  absence  of  cuprous 
chloride,  failed  to  alter  significantly  the  proportion  of  conjugate  addi¬ 
tion.  These  observations  suggest  that  cuprous  ion-catalyzed  conjugate 

m 

additions  do  not  proceed  via  radical  chain  processes  involving  alkyl 
or  aryl  free  radicals. 

Although  the  enhancement  of  conjugate  addition  by  cuprous  ion 

might  be  interpreted  as  involving  addition  of  an  intermediate  organo- 

1 9 

copper  compound  to  the  unsaturated  ketone  it  is  difficult  to  understand 

(19)  J.  Munch-Peterson  and  V.  K.  Anderson,  Acta.  Chemlca  Scan- 
dlnavia,  15,  271  (1961). 

how  the  series  of  exchange  reactions  which  would  be  required  to  explain 
the  cHVcl  of  small  percentages  of  cuprous  halide  could  possibly  be  fast 
enough  to  compete  with  the  direct  reaction  of  the  organomagnesiurn 
compound  and  the  unsaturated  ketone.  For  this  reason  some  type  of 
radical  chain  process  is  considered  as  most  probable.  ^  The  present 

(20)  (a)  M.  S.  Kharasch,  L.  Biritz,  W.  Nudenberg,  A.  Bhattacharya, 

and  N-  C.  Youg,  J.  Am.  Chem.  Soc.  ,  8J5,  3229  (1961). 

(b)  M.  S.  Kharasch,  M.  Weiner,  W.  Nudenberg,  A.  Bhattacharya, 
T.  Wang,  and  N.  C.  Yang,  J.  Am.  Chcm.  Soc.,  83, 

3232  (1961). 

data  Indicate  that,  if  such  a  process  is  correct,  the  radical  carrying 
species  is  not  reactive  toward  isoprenc.  Alternatively,  enhancement  of 
conjugate  addition  could  be  attributed  to  rapid,  reversible  complcxing 


7. 


c—c 

H  NCOCH, 


8a,  R=CH3 
b,  R=C6H5 


R,  M 

2  g 


7a,  R=CH, 

H,  r=c2h5 

c,  R=C^Hg 


CH,  R 

i 


\ 


R  -  CH=CH-C  Mg—  R 

C)7\  j^Br 

'''Mg' 

I 


Br 


Mg  Br2 


H,Q 


V  /H 

/  \ 

no  ch, 


5a,  R1=R2=CH3 

b.  r1=ch3,r2=c6h5 

£,  R^CH^ 

']-  Rrc6H5-¥czH5 
.  ,  r1=r2=c6h6 


R<SCH==  CH 

R4  ^C~CH3 


S 


R 


10 


R, 


H?0 


*  CH  CH,  CO  CH, 

/  1  3 


Rn 


6a.  R1=R2=CH3 
b;  Rj=chv  r2--c6h5 

c,  RpCjHyR^jHj 

d,  R1=R2=C6HS 


\.c^H 

/  \ 

H  C  =CH, 

I  Z 

*2 

Ha,  Rj=R2=CH3 

b,  R1=C6H5,  R2=CH3 
£.  R2=C2H5 


C6H5  H 

sc=  cy 
/  \ 

H  C  =  C 


/H1 


\ 


CH, 


R, 


‘3  2 
12a,  Kj=n, r2  ch3 

b,  Rj=CH3,  Kz=H 


8. 


% 

TABLE  I 


REACTION  OF  ORGANOMAGNESIUM 
COMPOUNDS  WITH  a,  p  -  UNSATURATED  KETONES 


Organomagne  sium 

%  Normal 

addition3 

compound15 

ch3ch=chcoch3 

• 

c6h5ch=chcoch3 

(CH*)?Mg-  MgBr? 

93 

94  (95)c 

(CH3)2Mg 

• 

91 

89 

<C?H*)7Mg-  MgBrz 

__ 

Z0 

(CzH5)2Mg 

15 

(C^H^Mg-  MgBr2 

50  (53)c 

77  (70}c 

(C6HB)zMg 

47 

43 

a  The  numbers  listed,  which  are  the  average  values  from  two  or  more 

Suns,  represent  the  percent  alcohol  5  (including  any  dienes  11  and  12 
erived  from  the  alcohols  5)  in  the  product.  The  values  in  fEIs  table" are 
derived  from  reaction  of  two  equivalents  of  the  organomagnesium  com¬ 
pound  with  one  equivalent  of  the  unsaturated  ketone.  “For  the  numbers 
not  enclosed  in  parentheses,  the  formulas  R^Mg1  MgB.r,  refer  to  the 
Grtgnard  reagent  prepared  in  the  usual  manner.  cFor  the  numbers  enclosed 
in  parentheses,  the  formulas  R^Mg-  MgBr^  refer  to  the  reagent  obtained 
by  mixing  two  equivalents  of  the  dialkylmagnesium  communed  with  two 
equivalents  of  magnesium  bromide. 


9. 


between  cuprous  ion  and  the  unsaturated  ketone  to  greatly  catalyze  con¬ 
jugate  addition. 

m 

The  possible  effect  of  concentration  changes  on  the  ratio  of  con¬ 
jugate  to  normal  addition  have  also  been  examined.  In  two  cases  (7c  + 
8a  and  7b  4  8b)  mixing  the  reactants  by  slowly  adding  the  organomag- 
nesium  compound  to  the  ketone  (i.  c.  inverse  addition),  a  procedure 
which  insures  that  the  ketone  will  be  in  excess  during  the  first  half  of 
the  reaction,  did  not  significantly  alter  the  proportion  of  conjugate  addi- 
Horn  The  use  of.  a  flow  system^1  for  mixing  ethylmagnesium  bromide 

(21)  A  description  of  this  apparatus  and  of  the  studies  of  the  reaction 
of  alkylinagnesium  compounds  with  saturated  ketones  is  the  sub¬ 
ject  of  Part  II. 


with  benzalacetone  (8b)  also  did  not  significantly  alter  the  ratio  of  con¬ 
jugate  to  normal  addition.  ‘Finally,  the  possible  effects  of  changing  the 
absolute  concentrations  of  either  the  organometallLc  or  the  ketone  in 
the  reaction  of  ethylmagnesium  derivatives  (7b)  with  benzalacetone  (8b) 
were  examined.  These  studies,  summarized  in  Table  II,  were  conducted 
in  such  a  way  that  there  was  always  a  ten-fold  excess  of  diethylmagnesium 
present  (assuming  that  only  one  ethyl  group  will  react).  In  this  way  the 
concentration  of  the  organometallic  remained  essentially  constant  thereby 

7_u  ^ 

insuring  that  reactions  involving  only  the  first,  more  reactive  ’ 

(22)  This  method  for  comparing  kinetic  orders  of  competing  reactions 
has  been  used  by  Mosher  and  co-workers  (Ref.  14)  in  a  study 
of  competing  addition  and  reduction  reactions  involving  organo- 
magnesium  compounds  and  saturated  ketones. 

ethyl  group  of  the  diethylmagnesium  were  being  studied. 


Suppose  the  mechanism  is: 


Then 


aG  +  bK 
aG  +  bK- 


dC 

W 


kjGaKb 


ft 


dN  r 

cTC"  " 


k2GaKh 


dC  kl 

m  a  iq 


and 


C 

IT  = 


c 

N 


where  Cr  is  the  organome taiiic,  K  the  ketone,  C  the  conjugate  addition 
product  and  N  the  normal  addition  product.  The  products  will  appear 
in.  a  constant  ratio  despite  the  order  of  the  reaction,  assuming  only  that 
the  orders  are  the  same. 

For  those  reactions  conducted  in  the  absence  of  magnesium  bromide, 
it  is  abundantly  clear  that  neither  changes  in  ketone  concentration  nor 
changes  in  the  organometallic  concentration  alter  the  ratio  of  conjugate 
to  normal  addition.  Thus,  it  can  be  concluded  that  the  kinetic  order  of 
both  reactions  in  the  organometallic  compound  and  in  the  ketone  in  the 
same,  uu.d  it  is  therefore  possible  to  determine  the  relative  rate,  constants, 
k^/k^,  ~  6.  Furthermore,  the  fact  that  the  ratio  was  not,  altered  by  an 
inverse  order  of  mixing  where  the  alkylmagnesium  aikoxide  _I_3  is  present 
accompanied  by  unchanged  ketone  Indicates  either  that  the  kinetic  order 
tor  consumption  of  the  ethyl  group  of  the  aikoxide  _13  is  the  same 

for  both  normal  and  conjugate  additions  or  that  the  intermediate  alt.,  *.Ue 
u  (H=c,Hs;  does  not  react  with  henzalacetone  (kb)  voder  t.be  t end u 
rcud’.uous  employed. 


11. 


The  concentration  effects  observed  (Table  II)  in  the  reaction 
when  magnesium  bromide  is  present  are  small  but  appear  to  be  real. 

The  observed  ratios  of  conjugate  to  normal  addition,  namely,  2.  0,  2.  6, 
and  3.  4,  differ  by  much  too  small  factors  to  be  consistent  with,  the 
simple  kinetic  expressions,  kp  [ketone]  [Et- Mg?  Br^]11  and  kn  [ketone] 
[Et2Mg2Br2]n+1  for  conjugate  and  normal  addition,  respectively.  # 

Of  incidental  interest  in  the  reaction  of  ethylrn ague slum  deriva¬ 
tives  with  berrzaiacetvne  (8b),  was  the  formation  of  the  saturated  alcohol 
14.  ir.  two  cases  where  substantial  amounts  of  the  saturated  alcohol  14 
wore  formed,  the  reaction  mixtures  were  decomposed  both  by  adding 
the  reaction  mixtures  to  saturated,  aqueous  ammonium  chloride  and  by 
adding  the  saturated,  'aqueous  ammonium  chloride  to  the  reaction  mix¬ 
tures.  Since  the  former  procedure  did  not  decrease  the  amount  of 
alcohol  _14  produced,  it  is  concluded  that  this  product  is  formed  in  the 
original  reaction  mixture  before  any  water  has  been  added.  This 
material  became  the  major  product  wihen  large  excesses  of  diethyl- 
magnesium  or  long  reaction  limes  were  employed.  However,  none  of 
this  product  was  farmed  when  the  reactants  were  mixed  in  a  flow  system 
permitting  short  reaction  times.  This  saturated  alcohol  is  apparently 

formed  in  a  relatively  slow  reaction  between  the  initially  formed  o, Delate 

23 

15  and  dlethyirnagncslum.  In  support  of  this  idea,  csrentlully  the 

(2  i)  (a)  R.  C.  Fuson,  T.  San  and  J.  Die  km  a  an,  ,1,  Org.  Chem.  ,  27, 
1221  (1962);  4 

(b)  In  our  studies  the  possible  formation  of  the  alcohol  M 
during  the  isolation  procedure  [cf.  R.  E.  Lyle  and  F.  J'~‘ 1’r r  «- 
ciuui.ec,  J.  Org.  Chem.,  24,  333  ( 1 959}  ]  was  excluded  (sec 
Experimental"}'.-  ' 


12 


TABLE  U 


EFFECT  OF  CONCENTRATION  ON  PRODUCT  RATIO 

CIL 

C6H5CH=CHCOCH3  +  (C2H5)2Mg - 


>  C6H5CH=CH(j:-C2H5 
OH 


8b 


7C 


?2H5 


5d 


c2h5  ch3 


c6h5chch2coch3  +  c6h5chch2c-c2h5 

OH 

6c  14 


™  ~  g -  a 

Molarity  Molarity  Molarity  Conjugate  addition 

of  8b  of  7c  of  MgBr^  %  {of  product) 


0.075  . 

0.  75 

86 

0.  015 

0.  75 

86 

0.  015 

0.  15 

88 

0.  075 

0.  75 

0.  75 

67 

0.  015 

0.  75 

0.  75 

72 

0.  015 

0.  15 

0.  15 

77 

aThe  figures  listed  are  the  averages  of  two  or  more  runs  and 
include  6c  plus  14.  t>The  magnesium  bromide  is  that  present  in  the 
preparation  of  tEe  Grignard  reagent. 


13. 


same  mixture  of  diastereoisomers  of  structure  ^14  was  produced  in  the 
reaction  with  benzalacetone  $8b)  and  with  the  saturated  ketone  6c. 


RMgOR* 

13 


C,Hc 
|2  5 

c6h5ch-ch~c-ch3 


?2H5 


A 


- >  CAH,CH-CH-C-CH 

65  0  II 

15  O 


The  absence  of  substantial  effects  from  concentration  changes 

or  added  magnesium  salts  suggests  that  the  transition  states  for  normal 

« 

and  conjugate  addition  of  organomagnesium  compounds  to  unsaturated 

ketones  are  derived  from  the  same  reactants  and  are  similar  in  character. 

Consequently,  the  major  obstacle  to  the  interpretation  of  the  mechanisms 

of  these  reactions  at  the  present  time  is  the  uncertainty  about  the  much- 

*  6~d  21  24 

anipm  of  normal  addition.  From  a  number  of  kino tic  studies  '*  '  .  it 

(24)  R.  E.  Dessy  and  R.  M.  Salinger,  140th  Meeting  of  the  American 
Chemical  Society,  Chicago,  Illinois,  September  3-8,  1961, 
Abstracts  of  Papers,  p.  9Q. 


has  become  clear  that  the  order  of  reactivity  of  various  organomagnesium 

compounds  towards  addition  to  ketones  is:  R^Mg>  K^Mg^Br^?,?  RMgOR1 

(or  the  dimers  or  polymers  of  these  structures).  The  addition  of  excess 

8 

magnesium  bromide  further  retards  the  rate  of  the  addition  reaction. 

'Thus,  any  assumption  that  magr  sium  bromide  catalyzes  the  addition  of 
a  dialkyl  magnesium  to  a  kotoe  is  unwarranted. 

The  observation  that  addition  may  he  favored  at  the  expense  o' 
reduction  and  enolizatlon  by  adding  excess  magnesium  hmmtHe  (Re*.  12) 
has  often  been  Interpreted  as  evidence  for  including  magnesium  bromide 
as  an  important  component  in  the  transition  state  ior  normal  addition. 


14. 


The  kinetic  data  are  clearly  not  compatible  with  this  interpretation.  The 
finding  (Ref.  21)  that  the  pronounced  tendency  of  alkylmagnesium 
alkoxides  JL3  to  give  reduction  and  enolization.  products  rather  than 
addition  may  be  mitigated  by  the  addition  of  magnesium  bromide  pro¬ 
vides  an  explanation  for  the  increased  amount  of  addition  found  in  the 
presence  of  magnesium  bromide.  • 

The  observation  of  asymmetric  induction  in  a  Grt  guard  addition 

25 

reaction  carried  out  in  an  optically  active  solvent  provides  compelling 

(25)  N.  Allentoff  and  G.  F.  Wright,  J.  Org.  Chem.,  22,  1  (1957). 


evidence  that  at  least  one  molecule  of  solvent  is  bonded  to  some  atom 

Z  6 

(presumably  magnesium)  in  the  transition  state  leading  to  addition. 


(26)  For  further  discussion  of  the  mechanism  and  the  role  of  the 

solvent  see  (a)  A.  Kirrmann  and  R.  Hamelin,  Cnmpt.  rend. , 
251,  2990  (I960);  (b)  R.  Hamelin,  Bull.  soc.  cHTm.  France, 

6M,  915,  926  (1961). 


In  the  absence  of  rigorous  contradictory  evidence,  the  best 
working  hypothesis  for  the  mechanism  for  reaction  of  the  first  alkyl 
group  of  a  dialkylmagnesium  with  a  ketone  is  considered  to  be  the  counter¬ 
part  of  the  mechanism  proposed  for  the  normal  addition  of  lithium 

27 

reagents  to  ketones.  In  particular,  there  seems  to  be  no  justification 


(27)  C.  G.  Swain  and  L.  Kent,  J.  Am.  Chem.  Soc.,  72,  518  (1950). 
The  argument  used  by  these  aiftHorsTor 'supposing’ different 
mechanisms  for  the  Grignard-ketone  reaction  (Ref.  11a)  was 
based  on  reports  that  benzophenone  forms  a  complex  with  the 
first  equivalent  of  added  Grignard  reagent  but  does  not  react 
until  a  second  equivalent  of  the  organometaU ic  Is  added.  These 
reports  are  now  known  (Ref.  8)  to  be  incorrect. 


15. 


for  incorporating  a  molecule  of  magnesium  bromide  into  the  preferred 
transition  state  for  normal  addition  (as  in  9  or  its  equivalent  )  and  no 
compelling  reason  (ignoring  esthetics)  to  formulate  either  normal  or 
conjugate  addition  as  a  cyclic,  six-centered  process. 


16. 


?  ft 

HI.  EXPERIMENTAL, 


(28)  Ad  melting  points  are  corrected  and  all  boiling  points  are 
uncorrected.  The  infrared  spectra  were  determined  with 
either  a  Baird,  Model  B,  or  a  Perkin  Elmer,  Model  21,  infra¬ 
red  recording  spectrophotometer  fitted  with  a  sodium  chloride 
prism.  The  ultraviolet  spectra  were  determined  with  a  Cary 
recording  spectrophotometer,  Model  11MS.  The  microanalyses 
were  performed  by  Dr.  S.  M.  Nagy  and  his  associates  and  by 
the  Scandinavian  Microanalytical  Laboratory.  TT.nJ.eps  otherwise 
stated  magnesium  sulfate  was  employed  as  the  drying  agent. 

Preparation  ol  the  Or ganom agne s turn  Compounds  Ethereal  solu¬ 
tions  of  the  Grig.nard  reagents  from  methyl  bromide,  ethyl  bromide  and 
bromobenzene  were  prepared  under  nitrogen  in  the  usual  way.  After  the 
mixtures  hud  been  allowed  to  stand  overnight  to  permit  the  settling  of 
undissolved  solids,  the  solutions  were  transferred  to  volumetric  flasks 
which  were  sealed  and  stored  in  such  a  way  that  they  were  protected  from 
light.  To  determine  the  concentration  of  the  reagents,  aliquots  were 
decomposed  in  excess  standard  hydrochloric:  acid  and  hack  titrated  with 
standard  sodium  hydroxide.  The  concentrations  of  the  reagents  varied 
over  the  following  ranges:  methyl  Grignard  reagent,  1.48  M  to  2.  69  M  ; 
ethyl  Grignard  reagent,  2.20  Mj  phenyl  Grignard  reagent,  1.  76  M  to 
1.91  M  .  A  2.  59  M  ethereal  solution  of  magnesium  bromide  was  pte- 
parod  by  reaction  of  1,  2-dibromocthane  with  magnesium.  After  aliquots 
of  the  solution  had  boon  quenched  in  water,  the  bromide  ion  concentration 
was  determined  by  titration  with  standard  silver  nitrate  solution  using 
potassium  chromate  as  an  indicator.  The  ethereal  solutions  of  dimethyl-, 

diethyl  -  and  diphenyimagnesium  were  prepared  from  the  organemercury 

•  29 

compounds  as  previously  described  and  analyzed  by  the  same  method 
used  for  the  Gn’gnard  reagents.  The  concentrations  of  the  reagents 


17. 


{29}  W.  Schlenk,  Bc-r. ,  64,  736(1931). 


varied  over  the  following  ranges:  dim ethylmagne slum,  0.  157  M  to 
0.866  M^;  diethyimagnesium,  0.  93  M  i  diphenylmagnesium,  0.  203  M 
to  1.51  M_.  The  dimethylmercury,  b.p.  91  -  92.5"  {lit.  92°), 

(30)  C.  S.  Marvel  and  V.  L.  Gould,  J.  Am.  Chem.  Soc. ,  44,  153 
(1922).  ~  ” 


diethylmercury,  b.p.  158  -  161°  (.lit.  3*  159°).  and  diphenylmercury, 

(31)  E.  Frankland  and  B.  F.  Duppa,  Ann.. ,  130,  104  (1864), 

m.p.  .'22.9  -  124,  6°  (lit.  32  121  ••  123°),  were  all  prepared  by  the  generul 

(32)  H.  O.  Calvery,  Org.  Syntheses,  Coll.  Vol.  j.,  228  (1951). 

33 

procedure  of  Gilman  and  Brown  or  by  a  slightly  modified  procedure  in 

(33)  H.  Gilman  and  R.  E.  Brown,  J.  Am.  Chem.  Soc.  ,  52,  3314 

(1930).  ~ 

which  a  tetrahydrofuran  solution  of  mercuric  chloride  was  added  directly 
to  the  Grignard  reagent.  In  all  cases  a  sufficient  vol  .me  of  the  organo- 
magnesium  reagent  was  prepared  so  that  all  runs  with  a  given  unsaturated 
ketone  were  done  with  the  same  batch  of  organomagnesiuro  compound,  in 
this  way  any  effects  resulting  from  the  possible  presence  nf  trace 


18. 


impurities  in  the  magnesium  were  kept  constant. 

Reaction  of  Methylmagnesium  Deriyatiyes  with  trans-3-Penten-2- 
one  (8a),  --trans-3-Penten-2-olt  b.p.  39.  5  -  41°  (17  mm.  ),  n^‘  ®  1.  4245 
(lit.  34  116  -  121°,  1.4280),  acid  phthalate  derivative,  m.p.  89.5  -  90° 


(34)  E.  R.  Alexander  and  R.  W.  Kluiber,  J.  Am.  Chem.  Soc. ,  73, 
4304  (1951).  "  — 


(lit.  3J5  90  -  90.  5°),  was  oxidized  at  -5°  with  aqueous  chromium  trioxide  and 


(35)  H.W.  J.  Hills,  J.  Kenyon  and  H.  Phillips,  J.  Chem.  Soc.,  576(1936). 


sulfuric  acid  to  yield  trans-3-penten-2-one,  b.p.  110°,  n£^  1. 4314  (lit. 


(36)  A.  L.  Wilds  and  C.  Pjerassi,  J.  Am.  Chem.  Soc,,  68,  1715(1946). 


121  -  122.  5°,  n^°  1.4342),  aemicarbazone  m.p.  140  -  141°  (lit.  38  142°), 


(38)  S.  Krapiwin,  Bulletin  de  la  Society  Imperiale  dcs  Naturalistcs  de 
Moscou,  1  ( 1 908) 7  ChemTZentr. ,  8 1  I,  1335  (1910) . 


3  7 

containing  99  %  of  the  desired  unsaturated  ketone.  Alternatively,  a 

(37)  A  gas  chromatography  column  packed  with  4-nnethyl-4-nitropirriclo- 
nitrile  suspended  on  gruund  firebrick  was  employed. 

sample  of  3-penten  2-onc,  b.p.  115  -  118°,  n^5  1.4352-1.4392,  containing3*^ 
96  %  of  the  desired  ketone,  was  isolated  by  fractional  distillation  of  the; 

39 

product  mixture  from  the  aldoi  condensation  of  acetaldehyde  with  acetone. 

(>'■) 


The  author  is  indebted  to  the  Union  Carbide  Chemicals  Corporation 
h  r  a  sample  of  this  mixture. 


19. 


To  a  solution  of  the  Grignard  reagent  prepared  from  1.  032  g. 

{0.  043  g.  -  atom)  of  magnesium,  excess  methyl  bromide  and  30  ml.  of 
ether  was  added,  drcpwi.se  and  with  stirring  under  a  nitrogen  atmos¬ 
phere  at  0°,  a  solution  of  1.  80  g.  (0.  021  mole)  of  3 -pe.nt.en-  2 -one  in 
20  ml.  of  ether.  After  the  mixture  had  been  stirred  for  30  min. ,  it  was 
washed  with  a  cold,  saturated,  aqueous  solution  of  ammonium  chloride 
to  which,  r efficient  aqueous  ammonium  hydroxide  had  been  added  to  bring 
the  solution  to  pH  7.  3  to  8.  The  ether  layer  was  dried  and  concentrated 
by  distillation  of  the  ether  through  an  80-cm.  Vigreux  column.  Fractional 
distillation  of  the  crude  residue  separated  1.025  g.  of  a  fraction,  b.p.  51° 
(24  mm.  ),  .o^9‘  5  1.4240  [lit.  40  b.p.  37°  (13  mm.),  1.4285],  con- 

(40)  R.C.R.  ‘Bacon  and  E.  H.  Farmer,  J.  Chcm.  See.  ,  1065  (1937). 

37 

talcing'  96  %  of  the  allyllc  alcohol  5a  as  well  as  0.  417  g.  (total  yield 

i.  4.42  g.  or  67  %  )  of  fractions,  b.p.  47  •  51°  (24  mm.  },  r,^9‘  5  I.  4189- 
37 

1.4224,  containing  the  ketone  6a  as  well  us  the  alcohol  5a.  The  alcohol 

41  ~ 1  •  1 

exhibits  infrared  absorption  at  3580  cm.  (unassoc.  O-H),  at  3340  cm. 

(41)  Determined  as  a  solution  in  carbon  tetrachloride. 

(assoc.  O-II)  and  970  cm.  ~  *  (train*  CH=CH)  with  weuk  end  absorption 

42 

(€  65  at  210  rnp)  in  the  ultraviolet.  Reaction  of  a  1.  5  g.  (0.  015  inolc) 

(47)  D(>termincd  an  a  solution  in  95  %  ethanol. 

\  1 

••.ample  o.t  alcohol  5a  with  the  cyanic  acid  gt* crate  t  •*.  5  g. 

■43)  H.  W.  Blohm  and  E.  1.  Becker,  Chcm.  Rev,.,  171  (1952). 


20. 


(0.  04  mole)  of  cyanuric  acid  afforded  the  crude  aliophanate  which  was 
taken  up  in  ether.  The  pure  allophanate  crystallized  from  ether  as 
white  needles,  m.p.  116.  5  -  118.5°,  yield  0.25  g.  (9  %). 

Anal.  Calcd.  for  CgH1403N2:  C,  51.60;  H,  7.58;  N,  15.04. 

Found:  C,  51.58;  H,  7.64,  N,  15.28 

A  O 

An  authentic  sample  of  methyl  isobutyl  ketone  6a,  b.  p.  116.5  , 

.  n^j  1.  3940  (lit.  44  b.p.  118.5°,  n^°  1.3956),  semicarbazone  m.  p.  132.5- 

(44)  D.  M.  Cowan,  G.  H.  Jeffery,  And  A.  I.  Vogel,  J.  Chem.  Soc., 

171  (1940).  # 

133°  (lit.  45  134°),  was  prepared  by  the  hydrogenation  of  mesityl  oxide 

(45)  II.  D.  Law,  J.  Chem.  Soc.,  101,  1016(1912). 


over  platinum.  This  sample  was  shown  to  be  identical  with  a  sample  of 
37 

the  ketone  collected  from  the  organometallic  reaction  by  comparison 
of  the  infrared  spectra  of  the  two  samples. 

An  authentic  sample  of  the  diene  11a,  b.p.  76°  1.4399  (lit.  4^ 

(46)  G.  S.  Whitby  and  W.  Gallay,  Cand.  J.  Res.,  6,  280(1932); 

Chem.  Zentr, ,  103  II,  1425  (1932). 

b.p.  76  -  77°,  nj^  1.  4418)  was  obtained  by  distillation  of  the  ullylir.  alco- 

41 

hoi  5a  from  potassium  bisulfate.  The  diene  has  infrared  absorption 

at  1610  cm.  1  (conj.  C=C),  at  965  cm.  1  (_trans  CH-CH)  and  at  885  cm. 

42 

(C=CH2)  with  an  ultraviolet  maximum  at  227  mp  (6  17,  1001. 


For  the  quantitative  experiments  summarized  in  Tabic  li;,  the 
desired  quantity  of  orgunomugnesium  compound  and  any  additives  were 
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diluted  with  ether  and  then  the  unsaturated  ketone  plus  sufficient  ether 

to  make  the  total  reaction  volume  25  ml.  were  added.  The  resulting 

reaction  mixtures  were  stirred  under  a  nitrogen  atmosphere  at  room 

temperature  for  45  min.  and  then  washed  with  an  aqueous  solution  of 

ammonium  chloride  and  ammonium  hydroxide.  The  ethereal  solutions 

37 

were  dried  and  then  analyzed  by  gas  chromatography  employing 
columns  which  had  been  calibrated  with  known  mixtures.  The  perc.cn- 
tages  of  normal  addition  in  Table  III  are  the  average  values  obtained  from 
two  or  more  runs.  In  no  case  did  the  deviation  of  an  individual  run  from 
the  average  value  exceed  2  %  .  In  the  runs  containing  cuprous  chloride, 
the  low  solubility  of  this  salt  resulted  in  only  partial  solution  of  the 
cuprous  chloride  in  the  initial  reaction  mixture.  The  molarity  values 
in  Table  III  and  subsequent  tables  are  calculated  fi;pm  the  quantity  of 
cuprous  chloride  added  to  the  reaction  mixture.  In  none  of  the  cases 
summarized  in  Table  III  was  the  diene  I  la  detected  in  the  reaction, 
mixtures. 

Reaction  of  Phenylmagnesium  Derivatives  with  trans - 3 - Pcnton- 

2-one  (8a).  - Reaction  of  50  ml  (0.  095  mole)  of  a  1.  91  M  ethereal 

solution  ol*  phenylmagnesium  bromide  with  4.  01  g.  (0.  048  mole)  of  the 
unsaturated  ketone  for  30  min.  followed  by  the  previously  described  iso¬ 
lation  procedure  afforded  5.  462  g.  (70  %)  of  the  product  mixture,  b.  p. 

67.  5  -  130°  (0.2  mm.),  containing^  biphenyl,  2-phenyl-trans-3-penten- 

(47)  A  gas  chromatography  column  packed  with  1540  Carbowax  sus¬ 
pended  on  basewashed  80-100  mesh  Chromosorb  was  employed. 
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TABLE  III 

REACTIONS  OF  METHYLMAGNESIUM  COMPOUNDS  WITH 
TRANS- 3-PENTEN-2-QNE  (8a) . 


Molarity  of 

Ketone 

Molarity  of 

Methylmagnesium 

Compound 

Molarity  of 

Added  Sub¬ 
stance  (a) 

Normal  addition, 

%  (of  product) 

0.29  M 

0.29  M 
Me^Mg^Br^ 

-- 

93 

0.  16  M 

0.  16  M 

Me2Mg 

91 

0.  39  M 

0.  38  M 
Me2Mg2Br2 

0.  04  M  CuC  1 

27 

0.  19  M 

0.  19  M 
Me2Mg2Br2 

0.  04  M  CuCl 

4  M  isoprene 

18 

0.  19  M 

• 

0.  19  M 
Me2Mg2Br2 

4  M  isoprene 

92 

23. 


2-ol  (5b),  and  4  phenyl-2  pentanone  (6b)  as  well  as  other  unidentified 
minor  components.  Chromatography  of  a  3.  75~g.  sample  from  this 
mixture  on  150  g.  of  Woelm  neutral  alumina  (activity  III)  separated 
0.  187  g.  of  biphenyl,  m.p.  69.  2  -  70.  3°,  0.  613  g.  of  the  ketone  6b 
and  1.455  g.  of  the  allylic  alcohol  5>b  as  well  as  1.  301  g.  of  fractions 
containing  various  mixtures  of  these  three  components.  The  alcohol  5b, 
after  further  purification  by  distillation  through  a  short  path  still 
[n^‘  ^  1.5284,  lit.  4®  n^®  1.5327],  exhibits  infrared  absorption4*  at 

(48)  V.  Levy  and  H.  Normant,  Compt.  rend. ,  244,  202  (1957). 

3600  cm.  *(unassoc.  O-H),  at  3460  cm.  *(assoc.  O-H)  and  at  975  cm. 

(trans  CH-CH)  with  a  series  of  low  Intensity  (€  140  to  280)  maxima  in 

42 

the  240  to  270  mp  region  of  the  ultraviolet. 

Anal.  Calcd.  forCjjH^Q:  C,  81.44}  H,  8.70. 

Found:  C,  81.73;  H,  8.65. 

The  ketone  (>b  was  shown  to  be  identical  with  a  subsequently 

described  sample  by  comparison  of  the  gas  chromatograms  and  the  infra 

red  spectra  of  the  two  samples. 

The  quantitative  experiments,  summarized  in  Table  IV,  were 

47 

performed  as  in  the  previous  case  utilizing  gas  chromatography  for 
the  product  analyses.  In  no  case  did  the  deviation  of  an  individual  run 
from  the  average  values  reported  in  Table  IV  exceed  ?.  %  ,  A  blank 
experiment  utilizing  a  known  mixture  of  the  alcohol  jib  and  the  ketone  6b 
demonstrated  that  the  isolation  and  analytical  procedures  employed  did 
not  alter  the  amounts  of  ketone  and  alcohol  present. 
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TABLE  rv 

REACTIONS  OF  PHENYLMAGNESIUM  COMPOUNDS  WITH 
TRANS-3-PENTEN-2-QNE  (8a) 


Molarity  of 

Ketone  • 

Molarity  of 

Phenylmagnesium 

Compound 

Molarity  of 
Added 
Substance 

Norjtnal  addition, 

%  (of  product) 

0.  19  M 

0.  19  M 

Ph2Mg2Br2 

-- 

50 

0.  95  M 

0.  95  M 

Ph^Mi^Br^ 

-- 

55 

0.  19  M 

0.  19  M 
Ph2Mg2Br2a 

-- 

56 

0.  19  M 

0. 19  M  . 

Ph2Mg2Br2 

-- 

56 

0.  19  M 

0. 19  M 

Ph2Mg 

-- 

47 

0.  19  M 

0.  19  M 

0.  19  M 

53 

Ph2Mg" 

MgBr2 

0.  19  M 

0. 19  M 

Ph2Mg2Br2 

0.  02  M 

cucr~ 

11 

0.  19  M 

0.  19  M 

0.  02  M 

22 

Ph2Mg‘ 

CuCl 

a  In  these  runs  the  unsaturated  ketone  was  added  dropwise  over  75  min. 


In  these  runs,  the  organomagnesium  reagent  was  added  to  the  unaat- 
urated  ketone  (i.  e.  inverse  addition). 
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Reaction  of  Methylmagnesium  Derivatives  with  trans  -4-Phenyl - 
3-buten-2‘  nne  (8b).  --  Reaction  of  43  ml.  (0.  132  mole)  of  a  3.  06  M 
ethereal  solution  of  methylmagnesium  bromide  with  a  solution  of  9.  6  g. 

(0.  066  mole)  of  the  unsaturated  ketone  ?ib  in  20  ml.  of  ether  for  1  hr. 
followed  by  the  usual  isolation  procedure  yielded  9.  5  g.  (89  %)  of  the 
crude,  undistilled  product  mixture.  A  series  of  fractional  crystallizations 
from  petroleum  ether  at  Dry  Ice  temperatures  separated  1.  06  g.  (9.9  %) 
of  the  pure  aliylic  alcohol  _5c  as  colorless  needles,  m.p.  34.  7  -  36°  (lit. 

(49)  E.  A.  Braude  and  C.  J.  Timmons,  J.  Chcm.  Soc. ,  2000  (1950). 

36  -  37°).  The  material  exhibits  infrared  absorption41  at  3610  cm.  1 

(uoassoc.  OH),  at  3380  cm.  1  (assoc.  O-H)  and  at  970  cm.  1  (trans 

42 

CH=CH)  with  an  ultraviolet  maximum  at  251  nip  (€  18,  600).  From  a 
comparable  reaction  of  153  ml.  (0.  292  mole)  of  a  1.91  M  ethereal 
solution  of  methylmagnesium  bromide  with  21.  5  g.  (0.  147  mole)  of  the 
imsal.uruted  ketone  8b  in  75  ml.  of  ether,  distillation  of  the  crude  pro¬ 
duct  afforded  18.29  g.  of  fractions,  b.p.  59  -  104°  (0.20  to  0.25  mm.), 
containing  mixtures  of  the  alcohol  5c,  the  ketone  6b  and  the  diene  1  lh. 
Fractional  distillation  of  this  mixture  separated  4.  17  g.  of  the  diene  J  lb, 
b.p.  114.5  -■  115.5°  (19  mm.),  which  crystallized  from  petroleum  ether 
at  Dry  Ice  temperatures  as  colorless  needles,  m.p.  32.  5  -  33°  (lit.  50  28°). 

(50)  K.  Auwers  and  G.  Peters,  Bcr.  ,  4  3094  (1910). 

41  -  1 

The  die  re  has  infrared  absorption  at  1608  cm.  {c-irij.  C~C),  a* 

‘>05  cm.  '  (trans  CH-CH)  and  at  890  cm.  1  (C-CH^)  with  uit'-avioiet 

42  ,4051 

mavima  at  271  mp  (€  28,  600)  and  281  inp.  (C.  20,  000)(‘,U.  ’  ’  273  mp 


26. 


(51)  The  previous  workers  (Ref.  49)  stated  that  their  product  was 
impure . 


(€  20,  200)  and  279  mp  (e  20,  200)  ].  After  reaction  of  36  ml,  (0.  110 
mole)  of  a  3.06  M  ethereal  solution  of  methylmagnesium  bromide  with 
20  ml.  of  an  ethereal  solution  containing  8.  05  g.  (0.  055  mole)  of  the 
ketone  8b  in  the  presence  of  1.  090  g.  (0.  011  mole)  of  cuprous  chloride, 
distillation  of  the  crude  product  afforded  4. 125  g.  of  fractions,  b.p. 

115  -  120°  (17  mm.  ),  containing4^  from  45  to  65  %of  the  ketone  6b. 

■  52 

A  pure  sample  of  the  ketone  6b,  collected  from  a  gas  chromatograph, 

(52)  A  gas  chromatography  column  packed  with  20  M  Carbowax  sus¬ 
pended  on  ground  firebrick  waB  employed. 

41  - 1 

exhibits  infrared  absorption  at  1720  cm.  (C=0)  with  a  scries  of  low 
intensity  (£  310)  maxima  in  the  250-270  mp  region  of  the  ultraviolet.  42 
The  ketone  6b  formed  a  2,  4-dinitrophenylhydrazone,  m.p.  74.  1  -  75.2° 
(lit.  53  71  -  72°),  and  a  semicarbazone,  m.p.  131,3  -  132.8°  (lit.  53 

(53)  M.  C.  Chiang,  J.  Chinese  Chem.  Soc.,  18,  65  (1951);  C,  A., 

46,  4472  (1952):  “  — 


133  -  134°). 

The  quantitative  studies,  summarized  in  Table  V,  were  performed 

47 

as  in  previous  cases  utilizing  gas  chromatography  for  product  analyses. 
In  no  case  did  the  deviation  of  an  individual  run  from  the  average  values 
reported  in  Table  V  exceed  2  %  . 
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TABLE  V 

REACTIONS  OF  METHYLMAGNESIUM  COMPOUNDS  WITH 
TRANS-4-PHENYL-3-BUTEN-2-ONE  (8b) 


Molarity  of 

Ketone 

Molarity  of 
Methylmagnesium 
Compound 

Molarity  of 

Added 

Substance 

Normal  Addition, 

%  (of  product) 

0.  59  M 

0.  54  M 

94 

Me2M§2Br2 

0.  59  M 

0.  54  M 

0.06  M  CuC  1 

72 

Me2Mg2Br2 

0.  35  M 

0.  35  M 

89 

Me^Mg 

0.  26  M 

0.  27  M 

0.  26  M 

95 

Me^Mg 

MgBr2 

Reaction  of  Phenylmagnesium  Derivatives  with  trana  -  4-  Phenyl-  3- 

but.cn-2  one  (8b)  --  For  the  quantitative  data  summarized  in  Table  VI,  the 

previously  described  reaction  and  isolation  procedures  were  employed. 

The  solvent  was  removed  from  the  ethereal  solution  of  the  crude  products 

at  room  temperature  under  reduced  pressure  and  a  0.  500-  g.  sample  of 

the  residual  oil  was  diluted  to  5.00  ml.  with  carbon  tetrachloride.  The 

optical  densities  of  those  solutions  at  1715  and  970  cm.  1  in  the  infrared 

54 

wore  measured  and  compared  with  working  curves  prepaicd  fjoin  blown 


(54)  R.  A.  Evans,  S.  M.  Thesis,  Mass.  Inst,  of  Tech.  (1959). 
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mixtures  of  the  alcohol  5e  and  the  ketone  to  determine  the  percentages 
of  these  components  in  the  mixtures.  Neither  biphenyl  nor  isoprene 
interfered  with  this  analytical  procedure  and  the  absence  of  the  starting 
ketone  8b,  which  would  have  interfered,  was  demonstrated  by  the  absence 
of  absorption  at  1680  cm.  *.  The  deviation  of  individual  runs  from  the 
average  values  reported  in  Table  VI  did  not  exceed  3  %  . 

Reaction  of  Ethylmagnesium  Derivatives  with  trans-4 -Phenyl-3- 

buten-2-one  (8b).  --  After  reaction  of  150  ml.  (0.  330  mole)  of  a  2.20  M 

ethereal  solution  of  ethylmagnesium  bromide  with  50  ml.  of  an  ethereal 

solution  containing  23.  4  g.  (0.  160  mole)  of  the  ketone  8b  for  1  hr. 

followed  by  the  usual  isolation  procedure,  a  10.?, 5-  g.  portion  of  the  crude 

product  (28.  902  g. )  was  chromatographed  on  400  g.  of  Woelm  neutral 

alumina  (activity  III).  The  fractions  separated  (analyzed  by  gas  cjiroma- 
52 

tography  ')  were  a  mixture  of  olefins  1  lc,  J2a.  and  l?b  (2.  139  g. ),  the 
ketone  6r  (4.  777  g.  ),  a  mixture  of  the  ketone  6£  and  the  alcohol  5d 
(2.  765  g.  )  and  finally  the  alcohol  5d  (0.  401  g.  )  corresponding  to  yields 
of  21  %  olefLns,  58  %  ketone,  and  8  %  alcohol.  Distillation  of  the  alcohol 
fractions  afforded  the  pure  alcohol  5d,  b.p.  119°  (9  mm.  )  [lit.  124-  125° 

(55)  A.  Klages,  Bcr, ,  39,  2587  (1906). 

(11  mm,  )],  1.5359,  which  has  infrared  bands^*  at  3620  cm.  *  (unassoc. 

OH)  at  3470  cm.  *  (assoc.  O-H)  and  at  972  cm.  *  (trans  CH=CH)  with 

42 

an.  ultraviolet  maximum  at  251  mp  (£  16,  900). 

Anal.  Calcd.  forC12HlfeO:  C,  81.7'.;  H,  9.15. 


Found:  C,  81.  6#;  H,  9.32. 
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Distillation  of  the  ketone  fractions  afforded  the  pure  ketone  6c, 
b.p.  115°  (9  mm.  )  [lit.  ^  1300  (18  mm. )],  n^4‘  ^  1.  5015,  with  infrared 

(56)  E.  P.  Kohler,  Am.  Chem.  J. ,  38,  511  (1907). 
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absprption  at  1718  cm.  (C=0)  and  a  series  of  low  intensity  (£  232) 

42 

maxima  in  the  250  -  270  mp  region  of  the  ultraviolet. 

Anal.  Calcd.  for  C12Hl60:  C,  81.77;  H,  9.15. 

Found:  C,  81.94,  H,  9.32. 

•  52 

Gas  chromatographic  analysis  of  the  diene  fraction  indicated 

the  presence  of  1  lc  (20  %),  12b  (30  %),  and  12a  (50  %,  components  listed 

52 

in  order  of  increasing  retention  time).  Each  of  the  dienes  was  collected 

and  further  purified  by  distillation  through  a  short-path  still.  The  olefin 

11c,  b.p.  100  -  105°  (14  mm.),  mol.  wt.  158  (mass  spectrum),  has 

infrared  absorption41  at  960  cm.  1  (trans  CH=CH)  and  890  cm.  "  (C~CH2) 

42 

with  an  ultraviolet  maximum  at  281  mp  (€  27,000).  The  NMH  spec- 

41 

trum  (60  me.  )  of  the  sample  has  a  multiplet  centered  at  2.  b8r  (aroma¬ 
tic  C  H),  a  pair  of  doublets  (J=  16  c.  p.  s.  )  at  3.  70  and  3.  43t  and  at  3.  35  and 
3.  08t  (trans  CH=CH),  a  partially  resolved  multiplet  at  4.  97r  (C=CH2)  and 
a  triplet  centered  at  8.  85t  plus  a  quadruplet  centered  at  7.  67-r  (•  CH2CH^). 

The  diene  12b,  b.p.  112  -  118°  (12  mm.),  mol.  wt.  158  (mass 

41  - 1 

spectrum),  has  infrared  absorption  at  963  cm.  (irans  CH-CH)  with 

42  * 

an  ultraviolet  maximum  at  289  mp  (€  26,800);  the  NMH  spectrum 

41 

(60  me. )  has  a  multiplet  centered  at  2.  73t  (aromatic  C-H),  a  doublet 
( J  =  1 6  c.  p.  s. )  at  3.  70t  and  3.  43t  (trans  CH-CH,  second  doublet  apparently 


is  obscured  by  the  aromatic  C-H  absorption,  one  peak  of  the  presumed 
doublet  being  discernible  at  3.  02t),  a  quadruplet  (■!  6  c.p.  s. )  centered 
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TABLE  VI 

REACTIONS  OF  PHENYLMAGNESIUM  COMPOUNDS  WITH  TRANS  - 
4-PHENYL- 3-BUTEN-2 -ONE  (8b) 


Molarity  of 
Ketone 


Molarity  of 

Phenylmagnesium 

Compound 


Molarity  of  Normal  Addition, 
Added  „  ,  »  ,  .. 

Substance  (s)  %  (of  product) 


0.35M 

0.  35  M 
Ph^MgaBr2 

77 

0.26  M 

0.  26  M 
Ph2Mg2Br2 

-- 

71 

0.29  M 

0.31  M 

Ph2Ml' 

43 

.0.  31  M 

0.  31  M 

Fh2Mg 

0.  31  M 

MgBry 

70 

0.  33  M 

0.  33  M 
Ph2Mg2Br2 

0.  014  M  CuCl 

28 

0.  33  M 

0.  33  M 
.  Ph2Mg2Br2 

2  M  isoprene 

70 

0.  33  M 

0.  33  M 
Ph?Mg2Br2 

2  M  isoprene 
0.M9  M  CuCl 

30 
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at  4.  57t  (olefinic  proton  of  C=CH  -CH3)  and  a  pair  of  peaks  at  8.  25 
and  8. 13r  apparently  resulting  from  a  doublet  (J o'  6  c.p.  s. ,  methyl 
group  of  C=CH-CH3)  and  a  singlet  (or  unresolved  multiplet)  centered 
at  8.  13t  (CH3-C=CH-CH3). 

The  diene  12a,  b.p.  121  -  128°  (12  mm.),  1.6020  [lit.  ^  b.p. 


(a)  A.  V.  Dombrovskii,  Doklady  Akad.  Nauk.  S.  S.  S.  R. ,  111, 
827  (1956);  C.  A.,  51,  9608  ( 1957).  (b)  A.  V.  DornbrovslHI7 
Zhur.  ObshcberRhimT.  ,  27,  3041  (1957);  C.A.,  52,  8087(1958). 
This  author  did  not  establish  the  stereochemistry  of  his  diene 
nor  did  he  establish  that  only  one  isomer  was  present. 


80  -  82°  (2  mm.),  n^0  1.5900],  mol.  wt.  158  (mass  spectrum),  has 
infrared  absorption  at  962  cm.  (trans  CH-CH)  with  an  ultraviolet 
maximum42  at  286  mp.  (€  29,  500).  The  NMR  spectrum  (60  me.  )41  of 
the  sample  has  a  multiplet  centered  at  2.  77t  (aromatic  C-  H),  a  pair 
of  doublets  J-16  c.p.  s.  )  at  3.  12  and  3.  38t  and  at  3.  55  and  3.  8.3r  (trans 
CH=CH),  a  quadruplet  (J^  6  c.  p.  s.  )  centered  at  4.  40t  (olefinic  proton 
of  C=CH-CH3>  and  a  pair  of  bands  at  8.  30  and  8.  20  apparently  com¬ 
posed  of  a  doublet  ( J 6  c.  p.  8. ,  methyl  group  of  C-CH-CH.^)  and  a 
singlet  (or  unresolved  multiplet)  centered  at  8.20t  (CH-j-C-CH-CH.j). 
These  NMR  data  permit  the  assignments  of  stereochemistry  to  the  dtenes 

12  since  the  position  (8.  13t)  of  the  methyl  resonance  in  diene  12b, 

\  / 

containing  the  structural  unit  ^0=C^  ,  occurs  at  0.  07t  lower  field 


than  the  methyl  resonance  (8.  20t)  of  the  diene  12a,  contain*  ng  the  struc¬ 


tural  unit 


Also,  the  pns’i.i/in  of  the  oi.ef’.r’c  proton 


32. 


(58)  R.  B.  Bates  and  D.  M.  Gale,  ,T.  Am.  Chetn.  Soc. ,  82, 
5749  (I960). 


resonance  (4.  57t)  in  diene  12b 


ch3  h 


)  occurs  at  0.  17r  higher 


field  than  the  position  (4.  40-r)  of  the  corresponding  peak  in  diene  12a 


( 


\  /H 
0H3 


)■ 
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(59)  S.  L.  M.  Jackman,  "Applications  of  Nuclear  Magnetic  Resonance 

Spectroscopy  in  Organic  Chemistry,  "  Pergamon  Press,  New  York, 
N.  Y. ,  1959,  p.  121. 


Additional  evidence  confirming  these  stereochemical  assignments 

were  obtained  by  mixing  known  quantities  of  each  of  the  pure  dienes 

11c,  12a,  and  12b  with  a  weighed  quantity  of  anisole  (employed  as  an 

internal  standard)  in  benzene  solutions.  Each  of  the  solutions  was  treated 

with  approximately  one  equivalent  of  maleic  anhydride,  sealed  under 

nitrogen,  allowed  to  stand  at  room  temperature  for  three  days  and  then 
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analyzed  by  gas  chromatography.  No  unchanged  diene  was  detected 
in  the  solution  prepared  from  dienes  11c  and  12a  but  the  ratio  of  diene  12b 
to  anisole  in  the  third  reaction  mixture  remained  unchanged.  In  the 
ctsoid  conformations  (accompanying  formulas)  required  for  Diels-  Alder 


33. 


reaction  only  the  diene  12b  would  be  expected  to  be  unreactive. 


(60)  D.  Craig,  J,.  J.  Shipman,  and  R.  B.  Fowler,  J.  Am.  Chem.  Soc., 
83,  2885  (1961). 


A  mixture  of  74.  1  mg.  (0.451  mmole)  of  the  diene  12a,  44.  2  mg. 
(0.451  mmole)  of  maleic  anhydride,  1.5  mg.  of  2,  5 •  di-t^  hutylhydroquinone 
and  0.25  ml.  of  benzene  was  allowed  to  stand  at  room  temperature  under 
nitrogen  for  3  days  and  then  concentrated  and  diluted  with,  hexane.  Cry¬ 
stallization  of  the  precipitated  solid  from  benzene-hexane  mixtures  afforded 
34  mg.  (29  %)  of  the  crude  crystalline  adduct  which  was  recrystallized 
several  times  to  separate  2  mg.  (1.  7  %)  of  the  pure  adduct  as  colorless 
pr  isms,  m.p.  141.  5  -  142.  7°  d.  (lit.  ^142.5°),  with  infrared  absorption^ * 

(61) .  Determined  as  a  solution  in  chloroform. 

at  1850  and  1775  cm.  *  (C=0  of  anhydride  in  5  membered  ring)  and  a 
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series  of  weak  ultraviolet  maxima  (  €  <  600)  in.  the  region  250-270  mp. 

(62)  Determined  as  a  solution  in  ether. 


A  mixture  of  the  diastereoisomer  s  c  f  the  saturated  alcohol  J_4  was 

collected  from  appropriate  reaction  mixtures  (Table  VU1)  by  gas  chronnato- 
52 

graphy.  The  material,  containing  a  74  26%  mixture  of  the  two 

6  3 

diastereoisomers,  was  shown  to  be  ide  >,Ucai  with  the  subsequent' y 


(63)  The  analysis  was  obtained  with  a  200  ft.  ,  Ucor  -50  capillary  column 
heated  to  140°.  The  author  is  indebted  to  Dr  «.  H.  E.  'rhnsoi  and 
E.  Rick  of  the  Urlo.n.  Carbide  Chemicals  Cooperation  ter  this 
analysis. 
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described  sample  by  comparison  of  the  infrared  spectra  and  gas  chroma- 
63 

tograms  of  the  two  samples. 

To  a  cold  solution  of  10  ml.  (22  mmoles)  of  2,2  M  ethereal  solu¬ 
tion  of  ethylmagnesium  bromide  and  10  ml.  of  ether  was  added,  with 
stirring  under  nitrogen,  1.  350  g.  (7.66  mmoles)  of  4-phenyl-2-hexanone 
(6c).  After  the  mixture  had  been  Btirred  for  45  min,  and  the  crude 
product  isolated  in  the  px-eviously  described  manner,  distillation  afforded 
1.  415  g.  (89.  7  %)  of  a  76  %  -  24  %  mixture  of  the  diastereoisomers  of 

3 -methyl- 5-phenyl- 3-heptanol  (14),  b.p.  142°  (21  mm.  ),  n^  1.4995.  The 

4l  •*  1 

material,  has  infrared  absorption  at  3600  and  3490  cm.  (unassoc.  and 

assoc.  O-H)  with  a  series  of  low  intensity  (  £  <  250)  in  the  region  240- 

42 

270  mp  of  the  ultraviolet. 

Anal.  Calcd.  forC14H2?0:  C,  81.90;  H,  10.31. 

Found:  C,  81.61;  H,  10.61. 

Authentic  samples  of  4-phenyl-2-butanone,  b.p.  102  -  105° 

(6  mm.),  n^5  I.  5126  [lit.  64  b.  p.  115°  (13  mm.),  a*1,  7  1.511],  2,4- 

(64)  A.  Klages,  Bor.,  37,  2301  (1904). 

dinitrophenylbydrazone  m.p.  12R.  1  -  128.8°  (lit.  ^  128.5  -  129°), 

(65)  G.  D.  Johnson,  JL_  Am.  Chem.  Soc. ,  73,  5888  (1951). 

l-phenyl-l-penten-3-ol,  h.p,  125  -  127°  (8  mm.),  n^4‘  ^  1.5579  [lit.  ^ 

(66)  ).  E.  Muskat  and  M.  Hcrrmun,  J.  Am.  Chem.  Soc.,  63,  252 
(1931). 
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b.p.  123°  1.  5550],  and  trans- 1 -phenyl- 1,  3-butadiene,  b.p.  79-81° 
(lOram.),  n^5  1.  6013  [lit.  b.p.  83°  (11  mm. ),  1.6089]  were 

(67)  O.  Grummitt  and  P.  J.  Christoph,  J.  Am.  Chem.  Soc. ,  73, 
3479  (1951). 
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prepared  and  shown  to  be  absent  .it;,  ail  the  product  mixtures  obtained 

from  etb.ylmagnesium  derivatives  and  the  ketone  8b. 

The  quantitative  data,  summarized  in  Table  VII,  were  obtained 
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as  previously  described  utilizing  gas  chromatography  for  product 
analyses.  Unless  otherwise  noted,  the  percentages  in  Table  VII  are 
average  values  from  two  or  more  runs.  It),  no  case  where  average  values 
are  reported  did  the  maximum  deviation  from  the  average  value  exceed 
4  %  . 

For  the  runs  reported  in  Table  VII  a  known  weight  of  anisole  was 
added  to  each  sample  prior  to  analysis.  From  a  knowledge  of  the  area 
under  the  unisole  peak  in  each  ease  and  appropriate  calibration  mixtures, 
the  percent  yields  for  the  products  indicated  in  Table  VII  were  calculated. 
In  no  case  was  the  yield  of  the  combined  products  indicated  less  than 
90  %  .  In  two  cases  where  substantial  amounts  of  the  saturated  alcohol 
14  were  formed,  the  reaction  mixtures  were  decomposed  both  by  adding 
the  reaction  mixtures  to  saturated,  aqueous  ammonium  chloride  and  by 
adding  saturated,  aqueous  ammonium  chloride  to  the  reaction  mixtures. 
Since  the  former  procedure  did  not  decrease  the  amount  of  alcohol  14 
produced,  it  is  concluded  that  this  product  is  formed  in  the  original 
roar* for.  mixture  before  any  water  ha?  been  aide'. 
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REACTIONS  OF  ORGANOMAGNESIUM  COMPOUNDS  WITH  SATURATED 


KETONES 
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I.  INTRODUCTION 


In  1947  Swain  reported  that  the  reaction  of  n-butylmagne slum 


(1)  C.  G.  Swain,  ,T.  Am.  Cham,  Soc.,  69,  ?,306  (1947). 


bromide  with  benzonltrile  followed  second  order  kinetics.  He  proposed 

that  a  Grignard  complex  was  formed  which  wan  in  rapid  equilibrium  with 

the  Grignard  and  ketone,  and  that  the  rate  determining  step  was  the 

rearrangement  of  this  complex  into  product. 

2 

Later  he  proposed  that  the  reaction  of  Grignard  reagents  with 


(2)  C.  G.  Swain  and  H.  B.  Boyles,  J.  Am.  Chern.  Soc.,  7.1, 
870  (1951).  . 


ketones  required  one  mole  of  Grignard  per  mole  of  ketone  to  form  the 
reduction  product,  but  Lhat  the  formation  of  the  normal  addition  product 
required  two  moles  of  Grignard  per  mole  of  ketone.  The  first  .mole 
complexes  with  the  carbonyl  as  in  reduction,  and  the  second  mole  then 
attacks  the  polarized  carbon  to  form  the  product. 


R  >  CO  +  R  M„X 
i  S 


R 

-  R' 


,  C-  o - M 


R 


R  Mg  X 


R,  r'  comx  +  r’  mlx 

^  g  g 


X 
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He  reasoned  that  since  magnesium  bromide  is  a  stronger  Lewis 
acid  than  Grignard  reagents,  it  should  complex  more  readily  with  the 
carbonyl,  and  if  a  Grignard  reagent  is  then  added  it  would  give  a  higher 
yield  of  normal  addition  product  and  a  lower  yield  of  reduction  product. 

As  a  test  of  this  prediction,  Swain  reacted  p ropylm ague s ium 
bromide  with  diisopropyl  ketone  and  found  3  %  e.nolisaticn,  63  °70  reduc¬ 
tion,  and  30%  addition.  When  the  ketone  was  first  mixed  with  magnesium 
bromide  and  then  with  the  Grignard,  he  fe  - •  i  !  %  enolization,  26  % 
reduction  and  65%  addition. 

Anteunis  supported  *  the  Swain  mechanism  when  he  found  that 


(3)  M.  Anteunis,  J.  Org.  Chen .  ,  26,  42 1  ?  '1961;. 


the  reaction  of  methylmagnesium  bromide  with  pinac clone  or  berzo- 
phenone  was  a  third  order  react  •  . 

v  -  k3;G:?:K; 

4 

However,  Aston  and  Bernhard  .’mud  that  acetone  reacted  approx - 


(4)  J.  G.  Aston  and  S.  A.  Bernhard,  Nature,  165,  485  (1950). 


imately  fifty  times  faster  with  i_  me  thy.1  magnesium  than  with  methylmag- 
nestum  iodide.  This  increase  in  rate  by  the  \  «e  of  dime thylmagne stum 

c 

was  confirmed  hy  Bikales  an  1  Beckrr  when  they  reported  that  dim  ethyl - 

[5)  N.  M.  Bikales  arid  K.  Becke- .  Cbcmistrv  a  :d  Industry,  1831 
{ i  °  6 1  * .  - - - 


Best  Available  Copy 


46. 


magnesium  reacted  about  ijpo  times  faster  with  benzophenone  than 
methylmagnesium  bromide,  and  that  dimethylmagnesium  plus  an  equi¬ 
valent  amount  of  magnesium  bromide  gave  the  same  results  as  methyl- 
magnesium  bromide.  Excess  magnesium  bromide  gave  a  decrease  in 
rate  and  was  not  complexed  with  the  ketone,  measured  spectrophoto  - 
metrically,  which  contradicts  the  Swain  mechanism. 

The  specific  rate  of  the  reaction  of  methylm  ague  slum  bromide 
with  benzophenone  when  more  than,  .e-hoif  of  the  methyl  groups  had 
reacted  was  1.2%  that  of  the  initial  rate.  They  attributed  this  to  the 
lower  reactivity  of  the  aikoxide  complex  -y)  rmed.  Their  results 


could  not  be  fitted  to  any  simple  .rate  law. 

R 

l 

R  ,0 

\  .  \ 

M  M 

^  /  P 

R  'O 

I 

R 

These  results  we  re,  c  -  .’."m  i  -  ,  Aoe: 


L..S  when  he  reported  that 


(6)  M.  Ante  unis,  J.  Org.  CI»om. , 


dirtethylmagnesium  reacte  d  iet.  Lues  faster  with  berzophenone  than 
methylmagnesium  bromide.  The  -ate  of  the  reaction  decreased  with  time 
and  he  further  found  that  the  reaction  stopped  halfway  when  equivalent 
amounts  of  dimethylmagnesium  and  benzophenone.  were  used.  He  also 
attributed  this  to  the  complex  f- relation  of  the  dimethyl  magnesium  with 
the  formed  aikoxide  (1). 

The  effects  of  the  alko>'.de  error. ex  vi’,  were  further  Investigated 

7 

by  Storfer  and  Becker  who  found'  that  enr  mole  re  diethyl  magnesium  gave 
(7;  S.  ’.  Storfer  ar-d  E.  Beckrr,  v.  Q-p.  Chcm.,  27,  1868(1962). 

Best  Available  Copy 


47. 


a  complete  reaction  with  one  mole  ef  berizo^tr'.-.e,  hut  when  two  mcles 
of  benzonitrile  were  used,  where  there  was  r.o  excess  of  ethyl  groups, 
they  obtained  only  one-half  reaction.  Although  the  remaining  reactive 
ethyl  group  present  in  the  mixture  di  i  not  rear,  with  hensositriio  cr 
propiophenone ,  it  did  react  with  ti  e  mere  reactive  bet  nr:  aide  Hyde  to 
form  phenylethyicarbinci.  Fur  them :  p : ; n :«v.>he.v  no  r  eacted  with 

the  ethyl  group  from  die  thy  v  ap  n<  -  •  r  .  *  01/  nhencric  as  ev  denced 

by  the  complete  react: 'r.  •  **:  :<_*.?  .  . '•■•ague •••::■  with  two  moles 

of  p  r op  iophe  r  .c  ?  „e . 

The  reaction  of  ..he  *.!  .map-  with  be;,,tc  nit  rile  Showed  a 

higher  rate  for  the  first  0%  >  <  •«,/..  •  v.  a  •  r  ti  e  fast  40  %  and 

the  break  ir:  .rates,  iete  •••>’>  •<  :  1  •  <w  v at'  '  t>  c  tv?  rate-  from 

an  aportpriatr  plot,  .apiM.ur*.  at  ■  *  .  p  a.t  reaction.  They 

were  rvaKe  to  dec  lit-  ev  t  t>  >■  •<  <  ..  ta-  ‘  •  •:  -  -nc  order  in 

cUetb.ylrnagiiesiam  m  -  norm.  •  :  mi  •  .  .' <■  t 1.  -iif  rf  the  reaction, 

but  they  found  that  the  r(-actn:  ,  .car  lost  •  r  \c~  f :e th vim. agne s ium 

rnoncmc. r  fer  the  sec 0:  1  ta.  . 

Fcr  the  react:'  *  et)  ;  .'rap'  <  .  .r  i  *  -m  ir  with  fuse  propyl 

u 

ke* one,  it  was  fcnr.i  that  tf  <•  r-.t  ‘  •  a  H  i.t .  ■  t  -r.  1  .<  tv  n  was  invariant 

{«]  J.  Miller,  G.  Orep-rio.  a-  ■  H.  n.  M-der,  Am.  Chem.  Soc.  , 

S3,  3966,  5051  <19bi'.  : - 

with  the  concentration  ar.  1  ratio  '  ’  r.mi-tar.t-.  he  ketone  was 

excess,  bit  when  the  Grig' .a'  j  *-  1  -  •  «*y  n  «  r  •>  r  •  at:  a  ‘.notion 

1 "  c  t  a-  m  of  the  reaefar  *«  ;r  1  •  ■  *  -  '  ar  -  *r  rr  -  cr. -‘.rations. 

A  '*  •  ,g{-  'he  same  kir.evt  fi-i-.pm  ape  «  *  *  a‘1  *.  •  a  A.  ~c  d  .ctic.n 
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when  the  ketone  was  in  excess  the  same  kinetic  description  did  not 
apply  when  the  Grignard  was  in  ex.cess,  which  pr  oceeded  by  consecutive 
second-order  kinetics. 

The  use  of  dialkylmagnesium  cc:mpo:.-ids  rather  than  Grignard 
9 

reagents  has  been  found  tc  give  a:_  .ncrease  in  eric  lization  and  reduction 


(9)  D.  O.  Cowar  and  K.  Ih  M  -fa  ..  Org.  Cl.  tn.  ,  27,  I  (1962). 


at  the  expense  of  addition 

The  yields  of  prod’  <  '.s  • >  >n  *>•«'  ». cac1  ton  «*'  ethyimagnesium 
bromide  with  2-butanc.ru.  ,  -?«r  t;» *  c ,  ..tur.cnr  and  diisopropyl 

ketone  have  been  four,  ^  \  y  Harm  h  :><  *  1  .p'-u  the  experimental 

(10)  R.  Harneliu,  B  l..  S.a  .  C*  .e  F-an.  r  ,  9  =  6  (1961). 


conditions  e  mpioyed.  Namely,  the  ’.sc  o'-  ethct  as  a  solvent,  concen¬ 
trated  Grignard  solutions,  low  temperatures  arid  normal  addition  of 
the  reactants  (i.e.  ,  addition  of  the  ketone  to  the  Grignard)  resulted  in 
higher  yields  of  the  normal  addition  product.  HameUu  noted  that  these 
four  conditions  also  favored  the  .S S OC  la  ticn  phenomena  in  Grignard 
solutions  and  therefore  proposed  that  'he  degree  of  association  of  the 
Gi  ig,»ard  iufluc..^-  i-s  chemical  p:  op<  :  s,  a  n  that  the  m  .nudi  d-ketone 

complex  gives  enolization  an  )  re  !  .etten  i'  ’he  magnesium  is  not  asso¬ 
ciated,  and  normal  addition  if  it  s  as;,  c  .af  He  pr  oposed  the 
following  mechanism  for  r.-j;  :ra  .  ad '.ta  *•.. 
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II.  DISCUSSION 


The  amounts  of  -r  rv_*.  a-...*  a  i.iition  products 

from  the  reactions  of  diethylmag.-.c  •  ,  *  'by  magnesium  bromide  and 
an  alkoxyethylmagnesium  c^mr"  ~  '  L  v. b.r’by.  h  clone  2  have  been 
determined.  The  following  sc*  er  r  m  n:  rf  -  *>e  *e  action. 

EtM  Br+Et,  CO  -*  E~,  CO  *  1  .‘  h<M»-  V  COH 

g  2  • 

2  • 


The  res  . Its  g  .•  «  •  .  "  . •  •  •  '  r  < 

either  prepared  in  11. e  •  irn  ■*. :  .  •  n  <  , 

die thylm agr.e s iu m  an  J  mag*  e  •  . *  i-  ,  g 

normal  addition  product,  -1,  *  h<  <■  •*  < . ; 

used.  However,  diothvimag’.e  -  get  a  -  n 
only  when  normal  add;*  .<  -*ui~  -«  *,  a*  l  ga  e 

enolization  in  the  case  r-‘  vr '  -<  a  !  1  • 

A  possible  explanation  *'  tins  rr'eet  r  - 
obtained  by  Bikales  and  Beck<  .  •  y  A  *c  •  .s 
Becker*,  is  that  in  the  ease  .  :  r  -na  a  I 
is  reacting  with  the  ketone ,  a*  <  a--  ‘  •  g  *1  e 

tion.  In  the  case  cf  iuver  -<  >  1  *  ■  ■>. «  ■  • 

nesium  and  the  alkoxi  le  r  **>n  .  -  •.->  .  •>:><  ■ 

during  thf  ear’y  eat"  n*  *'*  <  •  .  'i  •  •  •  < 


■’  "‘tig:  I'  si:;m  bromide, 
a  -n.  La*  amounts  of 
•  <  r-r  lomi.Tiate.ly  the 
i!  •  •  rsc  addition  was 
a-  p •  -'dee ■  .stribution 
.  e* cased  amoei’s  of 

’  s me ring  the  results 
.  a”  I  by  Slorfer  and 
■  t  .  _  y  d  te  t.h  y !  m  a  g  ne  s  i  u  m 
part  o'  the  reae- 
b'’tb  the  die  thyimug 

the  ketone,  even 
i  -  ■  a  ■  ,-e  tpalaV.ons  a  re 
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that  the  alkoxide  complex  is  reactive  e- 
diethylmagnesium  and  that  its  reac  un . 
the  enolization  product  as  a  side-  'ear  . 

Although  some  alkovi  Je. c  nr 
pete  with  Grignard  reagents  •’  •  r — v 
benzophenone,  they  wiU  rear.  *  ’> 
benzaldehyde  1 .  Since  .:.et‘  -  m  ,  • 
one  may  expect  that  it  **..  >■,.  .c  . ..  .  . 

and  the  alkoxide  commi •>  . 

Since  ethylmag  <  •, 

even  when  inverse  a  •  '  v.  .  -  < 

of  magnesium  brom  ic  m  .  gn  *>  > 
Tests  of  this  a  a  .  •  <  , 

xide  complex  with  i  .cM  •  ■  n  .  • 

three  methods  show.  a 

1.  (n-PJ2  CO  t  V\.  Mg  - 

2.  ROH  +  Mg - 

r- ,  • 

3.  2  ROH  +  Et2Mg  -  Mg  OR;  , 


nn;;.g*  -  a  r  "mpete  with  the 
ruth  r  ketone  largely  yields 

sf  .  <a  ,•  r.  successfully  com  - 

•  .eh  a**  be nr-c nitrile  or 

<  <•  -i'  •  •  r  compounds  such  as 

i  «  "•<  'ca-  n.ve,  '1 ‘able  VI, 
'.r.rhylma  gne  sium 

r  •  •••<  ;  minutely  the  alcohol  4 

.  -f  that  the  presence 

<  <  ->i  >y.  •  v.rfo  complex. 

•  ••  i  »  v  •  ■  r  a  ting  an  alko- 

a  ,  j  n  j  •  <>  d  by  the 


R 


R 


R  -  C2Hg(n-C  ^H.  7C  '  ’  “  •  •  <  \-  >  reactions. 

It  is  clear  tT'"m  ‘.h  >  •  <  ■  r  *  >  •  <  ■■  *  me!  hy  methods 

2  and  3  are  identical,  a-  !  •-  i-  ~.i  >  ■  ■  •  o«  '  rnrthvJ  1  appears* 

to  bo  different.  Kim  th  **  •  .  •  ■  -•_  Tabic's  I, 

II  and  VT  wore  wr'onv.  i  1  .  <-  ■  ■  .  ■>>,  -  pv  method  1,  since 

"b's  conipj'x  P'  '  !  a:  -  *n  •  t  .  ■  •  mi  i  !  .  ’.he  r  va  ■ :  s C 
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addition  of  diethylmagnesium  to  diethyl  ketone.  The  complex  formed 
was  reactive  towards  diethyl  ketone,  and  gave  increased  amounts  of 
enolization  as  predicted. 


The  mitigating  effect  of  the  presence  of  magnesium  bromide  is 
also  shown  in  Table  I  and  the  amount  of  this  effect  is  dependent  upon  the 
amount  of  magnesium  bromide  present.  When  the  amount  of  magnesium 
bronuue  added  was  emuvalent  to  the  amount  oi  diethylmagnesium 
present  in  the  complex,  the  results  obtained  were  similar  to  those 
.unnoted  j rom  luetbylmagnesium,  and  when  this  amount  of  magnesium 
brotruue  vias  doubled,  the  results  were  similar  to  those  obtained  from 
ethyl  mag  no  stum  h~.-  m  .nc.  This  car  be  explained  if  one  supposes  that 
lh<  first  mole  of  mag. a  ■■stum  bromide  prefers  to  complex  with  the  mag- 
’esiu’T!  .-dkox'de,  rathe  -  than  the  diethylmagnesium,  to  for  m  a  magnesium 


"ti't!  to ■  -tnagnesiu m  air 

R 

i 

1  •  ..O 

1  * ^Mg  t  Mg  Brn, 

"o 


complex  and  free  diethyim  ague  slum . 

R 

I 

Rr^  ,.-ov 

Et?  Mg  ^  Mg  .Mg 

C  Br^  '"o' 

l 

R 


1  •  ’’of  a:  r»‘ asonable  considering  that  magnesium  to  nr.  ie  is  a 

5  Eewts  and  than  diethylmagnesium,  and  that  the  oxygen  atr.ms 
t  <•  .  e  i  tronegative  than  the  magnesium  atom  in  diethylmagnesium. 
of  magnesium  bromide  then,  should  give  results  similar  to 
•  e '"..eed  with  diethylmagnesium,  as  actually  observed. 

Vwiu-v  a  second  mote  of  magnesium  bromide'  is  added  it  has  no 
1  ’  '  '  '  •  h  .•  *o  complex  with  tire  diethylmagnesium,  accounting 

•a?  'hose  obtained'  with  ethylmagnes.ium  bromide 
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The  results  obtained  with  diisopropyl  ketone,  summarized  in 
Table  H,  are  not  very  different  except  that  the  main  side  reaction  is 
reduction  instead  of  enolization. 

Et  Mg  Br  +  <1  •  Pr)2  CO  -*  (i-Pr)2CO  +  <i  -  Pr)2  CHOH  +  Et(i-Pr)2COH 
6  7 


9  10 


An  Interesting  observation  was  noted  in  the  reactions  with  diiso- 
propyl  ketone.  For  all  the  reactions,  except  those  involving  ethylmag- 
.'icsium  bromide  which  has  a  brown  color,  the  organomagnesium  solutions 
were  clear  and  colorless.  During  the  course  of  these  reactions  a  trans¬ 
ient  yellow  color  formed  which  was  visible  for  approximately  three 
seconds.  This  color  may  be  due  to  a  polarized  complex,  and  has  previously 

3 

been  noted  for  benzophenone. 

The  kinetic  runs  summarized  in  Table  VI  are  consistent  with  the 
above  explanation  for  the  effect  of  magnesium  bromide.  The  rate  con¬ 
stant  for  the  reaction  employing  the  alkoxlde  complex  was  not  calculated 
because  of  the  complexity  of  two  competing  reactions,  addition  and  enoli- 
zatlon,  where  neither  rate  constant  is  known.  However,  when  magnesium 
bromide  was  added  to  the  alkoxide  complex  the  rate  was  comparable  to  the 
rate  obtained  with  eihylmagnestum  bromide,  and  which  would  be  expected 
on  the  baaiB  of  the  previous  explanation  of  the  effect  of  magnesium 
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The  kinetic  runs  utilizing  0.  261  M  ethylmagnesium  bromide  are 

5  6 

consistent  with  the  results  of  Bikales  and  Becker  and  of  Ante  unis  ,  in 
that  the  runs  employing  longer  reaction  times  have  the  lowest  rates. 

It  wag  not  possible,  because  of  the  limitations  of  the  apparatus 
employed,  to  measure  the  rate  of  diethylmagnesium  with  diethyl  ketone, 
even,  at  the  shortest  reaction  time  (0.  0185  sec. ,  k  >  1570)  nor  the  rate 
‘  e  hvA.rnag.“.:esiam  bromide  with  diisopropyl  ketone  even  at  the  longest 
react’,  i'.-.  time  (0.429  sec.,  k  <  0.95). 

Neither  was  it  possible  to  obtain  results  for  the  reaction  of 
.•his.->p:r">py.l  ketone  with  the  alkoxide  complex  from  method  2  with  magnesium 
h";v»nVie,  since  in  two  attempts  a  large  amount  of  a  crystalline  solid 
•J<  na  ra!,ed  from  the  ether  solution  of  the  complex  when  magnesium  bro- 
m  '..if*  was  added. 
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HI.  EXPERIMENTAL11 


* 


(11)  All  melting  points  are  corrected  and  all  boiling  points  are 

uncorrected.  Unless  otherwise  stated  magnesium  sulfate  was 
employed  as  a  drying  agent.  The  infrared  spectra  were  deter¬ 
mined  with  either  a  Baird,  Model  B,  or  a  Perkin  Elmer, 

Model  21,  infrared  recording  spectrophotometer  fitted  with  a 
sodium  chloride  prism.  The  ultraviolet  spectra  were  determined 
with  a  Cary  recording  spectrophotometer,  Model  14.  The  NMR 
spectra  were  determined  at  60  me.  with  a  Varian,  Model  A-60, 
NMR  spectrometer.  The  mass  spectra  were  obtained  with  a  CEC, 
Model  21-130,  Mass  spectrometer.  The  microanalyses  were 
performed  by  Dr.  S.  M.  Nagy  and  his  associates  and  by  the  Scan¬ 
dinavian  Microanalytical  Laboratory 


Preparation  of  the  Organotnagnesium  Compounds  --  Solutions  of 
ethyl  magnesium  bromide,  diethylmagnesium  and  magnesium  bromide  were 
prepared  arid  analyzed  as  previously  described.  12 


See  Experimental,  Part  I 


For  the  reactions  employing  ethylmagneslum  alkovi-ies,  a  cold 

■  0  )  ethereal  solution  of  diethylmagnesium  was  treated  with  the  calculated 

amount  of  ketone  or  alcohol  under  a  nitrogen  atmosphere  and  the  resul- 

t.”g  mixture  was  stirred  at  room  temperature  for  30  min.  prior  to  use. 

An  aliquot  of  each  of  these  solutions  was  hydrolyzed  and  analyzed  by  gas 
1  3 

chromatography.  For  organomagnesium  solutions  containing  added 


, '  3!  A  gas  chromatographic  column  packed  with  20M  carbowax  sus¬ 
pended  on  ground  firebrick  was  employed. 


magnesium  bromide,  the  solution  obtained  after  addition  of  magnesium 
r  mide  was  stirred  for  45  min.  prior  to  use. 
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Reaction  of  Ethylmagnesium  Derivatives  with  3-Pentanone  (2)  -- 

A  commercial  sample  of  3-pentanone,  which  contained  more  than  99  % 

1 3 

of  the  desired  ketone,  was  used  for  all  runs. 

From  the  reaction  of  9.  46  g.  (0.  11  mole)  of  3-pentanone  with 

0.  22  mole  of  ethylmagnesium  bromide  in  125  ml.  of  ether  was  obtained, 

after  fractional  distillation,  7.  642  g.  (60  %  )  of  pure  triethylcarbinol  (4), 

14  ~ 

b.p.  138-142°,  n^5  1.4272  [lit.  b.p.  139-142°  ,  n^5  1.429415]. 

(14)  W.  W.  Moyer  and  C.  S.  Marvel,  Org.  Syntheses,  Coll.  Vol.  2, 
602  (1946). 

;i5)  F.  C.  Whitmore  and  D.  E!  Badertscher,  J.  Am.  Chem.  Soc., 
55,  1559  (1933). 


From  the  reaction  of  2.  02  g.  (0.  035  mole)  of  propionaldehyde 
with  0.  042  mole  of  ethylmagnesium  bromide  in.  40  ml.  of  ether,  was 
•"•htained,  after  fractional  distillation,  2.  523  g.  (89  %)  of  pure  diethyl- 
i  urhin.ol  (3),  b.p.  111°,  n^5  1.  4075  [lit.  16  b.  p.  114.4°,  nj,0  1.4104]. 

(16)  F.  C.  Whitmore  and  J.  D.  Surmatis,  J.  Am.  Chem.  Soc.  ,  62, 
995  (1940).  ~ 


Heating  a  mixture  of  1.  0  g.  (8.  6  mmoles)  of  the  alcohol  4  and 
1 .  0  g.  of  potassium  acid  sulfate  produced  C.  584  g.  (68  %  )  of  3-ethyl-2- 
nr-tei-e  (5),  b.p.  89°,  n^5  1.  4122  [lit.  1 7  b. p.  95-98°,  n^8  1.4140], 

(if)  I.  N.  Naaarow,  Ber. ,  70,  617  (1937). 


1 8 

with  ultraviolet  absorption  at  189  mu  (€  7,  500),  and  a  molecular  weight 
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(18)  Determined  in  n-heptane. 


o':  98  (mass  spectrum). 

The  4-ethyl- 4-heptanol,  b.p.  78-79°  (20  mm. ),  n^J  1.4310 
[lit.  b.p.  76-78°  (17  mm.  ),  ^  n^°  1.43322^]  used  to  prepare  some  of 

(19)  J..M.  Church,  F.  C.  Whitmore  and  R.  V.  McGrew,  J.  Am.  Chem. 
Soc.  ,  56,  176  (1934). 

(20)  J.  Stas,  Bull.  Soc.  Chim.  Beiges,  35,  379  (1926). 


'.he  ethyl magnesium  alkoxide  0)  solutions  employed  in  this  series  of 
react*  'V?  was  obtained  in  71  %  yield  from  the  reaction  of  57  g.  (0.  55  mole) 
'■  4..h.er*tanone  with  0.  75  mole  of  ethylmagnesium  bromide  in  500  ml.  of 
('the  t . 

Reaction. of  Ethylmagnesium  Derivatives  with.  2,  4-Dimethyl~3- 
pe  t*.  a  none  (6).  —  A  sample  of  2,  4 -dimethyl- 3 -pentanonc  ,  b.p.  124° 

!-j 1.  3973  [lit.  2*  b.p.  125°,  1.  39759],  which  contained  more  than 

(21)  R.  R.  Dreisbach  and  R.  A.  Martin,  Ind.  Eng.  Chem.,  41, 

2875  (1949).  - 


1  3 

of  the  desired  ketone,  was  isolated  by  fractional  distillation  of 
a  commercial  sample. 

From  the  reaction  of  1.60  g.  (0.  011  mole)  of  2,  4-dlmethyl-3- 
pc ’  t a  .  '  e  (* )  with  0.  022  mole  of  ethylmagnesium  bromide  and  0.  022.  mole 
*'  map -t stum  bromide  in  31  ml.  of  ether  was  obtained,  after  fractional 
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distillation,  0, 487  g.  (31  %  )  of  pure  ethyldiiBQpropylearbinol  (8), 
b.p.  116°  (125  mm. ).  i^5  1.  4.411  [lit.  22  b. p.  117.  5°  (125  mm. ),  n^C 


(22)  F.  C.  Whitmore  and  R.  S.  George,  J.  Am.  Chem.  Soc.,  64, 
1239  (1942).  - - 


1.4440]. 

Reduction  of  2,  4-dimethyl-3-pentanone  (6)  with  excess  lithium 
aluminum  hydride  in  ether  afforded,  after  fractional  distillation,  71% 
of  dlisopropylcarbinol  (7) ,  b.p.  137-137.5°,  n^5  1.  4229  [lit.  23  b. p. 

(23)  F.  C.  Whitmore  and  F.  Johnston,  J.  Am.  Chem.  Soc.,  60, 
2265  (1938).  - — 


137-138°,  r^,5  1.4246]. 

From  heating  a  mixture  of  ethyldiisopropylcarbinol  and  potassium 
acid  sulfate,  55%  of  a  mixture  of  olefins  9  and  10,  b.p.  110-122°,  24 

(24)  The  pure  olefin  9  is  reported  to  boil  at  138°,  n^’  I.  4328  and 

the  pure  olefin  10  is  reported  to  boil  at  130^,  ri^5  J.  4211 

F.  L.  Howard,  T.  W.  Mears,  A.  Fookson,  P.  Pom o rant'/,  md 
D.  B.  Brooks,  J.  Research  Natl.  Bur.  Standards.  38,  365 
(1947)  (Research  Paper  No.  1779);  Natl.  Advisory  Comm. 
Aeronaut.,  Tech.  Note  No.  1247,  56pp  (1947). 
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was  obtained  and  a  sample  of  each  olefin  collected.  The  olefin  9, 

18 

(first  eiuted  from  the  column)  has  ultraviolet  absorption  at  190  mu 
(€  9,  900),  with  NMR  absorption"*5  at  4.  86r  [1H,  quadruplet  (J  -  7  c.p.  s.  ), 


(■’?)  Determined  in  carbon  tetrachloride  solution. 
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vinyl  C-H]  with  a  multiplet  in  the  region  7.  0  to  8.  Ot  (2H,  tertiary  C-H), 

a  doublet  (  J  =  7  c.  p.  8. )  at  8.  40r  (3H,  allylic  CHg)  and  a  doublet 

(J  s  8  c.p.  s. )  at  9.  02t  (12H,  CH3),  and  a  molecular  weight  of  126  (mass 

18 

spectrum).  The  olefin  IQ  has  ultraviolet  absorption  at  192  mu  {€  8,900), 

25 

with  no  NMR  absorption  attributable  to  vinyl  C-H  and  a  singlet  at 
8.  38t  {allylic  CH3)  and  a  series  of  partially  resolved  peaks  (apparently 
a  triplet  and  a  doublet  each  with  J  =  7  c.  p.  s. )  centered  at  9.  05t  (CH3). 

*The  material  has  a  molecular  weight  of  126  (mass  spectrum). 

Procedure  for  Quantitative  Product  Studies.  --  All  reactions  were 
rim  under  a  nitrogen  atmosphere,  and  the  solutions  of  reactants  were 
maintained  at  25°  prior  to  mixing.  For  the  reactions  employing  normal 
addition,  approximately  15  ml.  of  an  ethereal  solution  of  the  ketone  was 
added,  with  stirring  and  over  a  period  of  60  ±  5  sec. ,  to  approximately 
16  ml.  of  an  ethereal  solution  of  the  organomagnesium  compound.  The 
volumes  of  ether  employed  were  such  that  the  final  volumes  of  the 
reaction,  mixture  was  31  ml.  The  concentrations  listed  in  the  tables  refer 
to  the  calculated  final  concentration  in  the  reaction  mixture  if  no  reac¬ 
tion  had  occurred.  For  reactions  employing  inverse  addition,  the  same 
general  procedure  was  followed,  except  that  a  solution  of  the  orgauo- 
magnesium  compound  in  approximately  16  ml.  of  ether  was  added  to  a 
solution  of  the  ketone  in  approximately  15  ml.  of  ether. 

A  weighed  quantity  of  an  internal  standard  (anisole  for  the  i~ 
pentanone  experiments  and  p-methylanisole  for  the  2,  4-dlmelhyl-3-pen- 
tanonc  experiments)  was  preBent  in  each  ethereal  solution  of  the  ketone. 

The  reaction  mixtures  were  stirred  for  45  mm.  at  room  temper¬ 
ature  and  then  washed  with  an  aqueous  solution  of  ammonium  chloride  and 
»  ammonium  hydroxide  (pH  7.  5  to  8.  0).  The  ether  solutions  were  analysed 
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by  gas  chromatography  using  a  column  which  had  been  calibrated  with 
known  mixtures  of  products  and  standards.  The  products  from  repre¬ 
sentative  runs  were  identified  both  by  retention  times  and  by  comparison 
of  the  infrared  spectra  of  collected  samples  with  the  spectra  of  the  pre¬ 
viously  described  authentic  samples.  In  all  caseB  the  calculated  yields 
(from  internal  standards)  of  products  exceeded  90%.  The  numbers 
listed  in  the  Tables  represent  the  average  values  of  two  or  more  runs. 
Except  as  noted,  the  duplicate  values  agreed  to  within  3%. 


Procedure  for  Kinetic  Studies.  —  A  diagram  of  the  apparatus 
employed  is  presented  in  Figure  I.  For  determining  reaction  times, 
the  reagent  reservoirs  were  fitted  with  auxiliary  150  ml.  bulbs  and  the 
time  required  to  pass  measured  volumes  of  ether  through  the  apparatus 
at  various  pressures  and  reaction  tube  lengths  were  measured.  From 
these  data  and  the  measured  volume  of  the  reaction  tubes  and  the  stop¬ 
cock,  the  time  required  for  the  two  streams  of  ether  to  pass  from  the 
pci' t  nf  mixing  to  the  outlet  of  the  reaction  tube  was  calculated  from  the 
following  formula: 


(Vj  +  v2)  t 


V 


3 


reaction  time 


where:  V ,  =  volume  of  the  reaction  tube  (0.  647  ml. ,  1.  738  ml. ,  or 

6.  857  ml. ,  determined  from  its  weight  filled  with,  water). 

V2  =  volume  of  the  stopcock  bore  (0.  072  ml.  ,  calculated  from 
its  dimensions). 

V  ^  -  total  volume  of  ether  passed  in  t  seconds, 
t  =  t?.me  required  to  pass  V-j  ml.  of  ether. 

The  results  of  these  measurements  are  summarized  in  Table  III. 
In  r  if  »ect  the  reaction  times  and  the  mixing  ratios  determined  with  pure 
ether  fr -  th-a  slightly  increased  viscosity  of  the  reaction  mixtures. 


Table  I 


Reactions  of  3-Pentanone  (2,  0.155M)  with  Ethylmagnesiuii)  Derivatives  (0.261M) 


Organomagnecium 

Reactant 

Type  of 

Addition8, 

Molarity 
of  MgBra 

1  Ketone  2.  Alcohol  JL  Alcohol  Jl 

Et-jMg 

N 

2 

<1 

90 

I 

21 

<1 

79 

EtaMgsBrg 

N 

1 

<1 

99 

I 

1 

1 

98 

Et2Mg 

N 

0.261 

2 

1 

97 

T 

0.26.1 

4 

2 

55 

Et2Mg.  Mg(QR)2  bjC 

N 

25 

6 

70 

I 

26 

5 

69 

Et2  Mg-  Mg(OH)ab''1 

N 

13 

7 

75p 

I 

...  ■  A  . 

67s 

4 

29 

EtaMg*Mg(QR)ab,f 

N 

20 

6 

74 

I 

66 

5 

31. 

EtaMg.Mg(OI<)ab,C 

N 

0.26.1 

4 

1 

55 

I 

0.261 

27° 

2 

71*' 

El.2MfvMg(OR)2b,f: 

N 

0.522 

3 

.1 

96 

I 

0.522 

3 

1 

91 

E 1 2Mg ' Mg( OR) 2U ’  r 

N 

0.261 

2 

1 

97 

T 

0 , 261 

57 

O 

61 

N  indicates  normal  addition  (i_.c.,^the  ketone  was  added  to  the  organo-magnecium  compound) 
and  .1  Indicates  inverse  addition.  R=CaH5(n-C3H7)2C.  This  reagent  was  prepared  by  the 
addition  of  one  molar  equivalent  of  4-hcptanone  to  one  molar  equivalent  of  dicthylrnagnonium. 
When  a  solution  of  this  reagent  was  hydroly/.ed  the  product  contained  '{'/}>  <*l'  I. he  tertiary 
alcohol  ROH  (addition)  and  21$  of  4-hcptanone  (enoli  '.all  on)  .  The  ratio  oj  these  components 
\!uu  essentially  unchanged  in  the  reaction  mixtures  from  this  reagent  und  3~.P,,ntunono ,  Thin 
rougent  was  prepared  by  the  addition  of  one  molar  equivalent  of  ethyldi -n-propy,L''urbJ.nol  to 
one  molar  equivalent ^.of  diethylmagnesium.  In  this  case  the  duplicate  values  differed  from 
one  another  by  hi.  This  reagent  war.  prepared  by  adding  two  molar  equivalents  of 
othyldl-n-propvlcarbinol  to  one  molar  equivalent  of  dicthylmagnesium,  and  then  adding  this 
mixture  to  another  equivalent  of  dicthylmagnesium.  eIn  this  case  the  triplicate  values 
differed  from  the  average  by  ll^. 
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TABLE  II 

Reactions  of  2,  4-Dirn  ethyl-  3  -pentanone  (6,  0.  165  M)  with  Ethylmagnesium 

Derivatives  (0.  261  M) 


Product  Composition  % 


Organs  m  agne  s  ium 

flo  i  ■’  v 

Type  of 

Addition 1 

Molarity 

J  ofMgBr-v 

Ketone 

6 

Alcohol 

7 

Alcohol 

8 

El7  Mg 

N 

I 

1 

3 

6 

Z Hb 

93 

69h 

Et,  Mg,  Br, 

N 

<1 

* 

96 

• 

l 

<1 

5 

95 

Et?  Mg 

N 

0.  261 

<1 

9 

91 

1 

0.261 

<1 

9 

°l 

Ef,  Mg  -  Mg(OR)z<'’  d 

M 

. — 

19 

5  < 

?M 

• 

i 

Vi 

47 

22 

El,  Mg  •  Mg  (OH)/’  d 

M 

0.  522 

<  1 

!  0 

90 

L 

ft.  522 

<  1 

in 

90 

KU  Mg  -  Mg(OR)/:,e 

N  . 

H 

V  i 

17 

▼ 

1 

22f 

6  4 

1  4f 

N  indicates  normal  addition  (i.  e. ,  tho  ketone  was  added  to  On.  pane 
magnesium  compound)  ami  l  indicates  inverse  addtion.  11  tu  tin,;.  m-.c  tlu: 
"id1'* i  leu l  values  differed  from  one  another  by  9%.  '  R  -  (C^Hc)  jC!  1  ’I'h ih 

i  cage nt  was  prepared  by  the  addition  of  one  molar  equivalent  of  i-penla- 
none  to  one  molar  equivalent  of  diethylmagnesium .  When  a  solution  of 
this  reagent  was  hydrolyzed,  the  product  contained  83%  ,,r  *he  lei  tlary 
alcohol  ROH  (addition)  and  17%  of  3-pentanone  (enoltzatlon).  The  ratio  of 
these  two  components  was  essentially  unchanged  in  the  reaction  mixtures 
'  .  in  the  reagent  and  l,  4- dimethyl- 3 -pontannne.  °  This  reagent  wa-.  pre* 
nan  >i  nv  the  addition  of  one  molar  equivalent  of  triethyl  carbine  I  to  on< 
m«  t a >  equ  valent  of  diethylmagnesium.  ’  In  this  ease  the  individual  'miner 
>li'fere  I  trom  one  another  by  6%, 
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measurements  were  made  of  the  time  required  to  pass  a  given  volume 
of  the  reaction  mixtures  through  the  apparatus.  These  results  are 
summarized  in  Table  IV. 

The  efficiency  of  .mixing  was  demonstrated  l>y  mixing  a  deep 
}  !::e  solution  of  thymolphthalein  and  sodium  ethoxide  in  ether  with  an 
ethereal  solution  of  p-toluene  sulfonic  acid.  Since  the  blue  color  of  the 
.  heater  was  no  longer  discernible  in  the  reaction  tube,  even  at  the 
l  -gef-K-:  o-rewH  .res  employed,  mixing  was  judged  to  be  complete  within, 
‘.he  -d' acock.  Tire  efficiency  of  mixing  also  follows  from  the  fact  that 
\+f  '.ear':-.  of  die  tb.ylm  ague  slum  with  3-penta.n0.ue  was  complete  even 

at  'he  shortest  reaction  times  employed. 

K-  r  the  kinetic  runs,  15  ml.  of  a  solution  (thermos bated  to 
0  the  ketone  and  the  appropriate  internal  standard  in  ether  was 
e  iU'f  l  v  ne  flask,  and  20  ml.  of  a  solution  (thermostated  to  Zh.  0°)  of 


1  <  ■  pa' .■••mag’..esi.i.m  compound  was  placed  in  the  second  flask.  The 

was  placed  under  nitrogen  pressure  and  the  stopcock  was  opened 


V 


.  •  «  1-  .  *  n 

•  ■  f  liJlU  V 


i.  ^iA».‘.VlUU^ld  *  »  f »  4  I 


LU y  t  «  l  VH 


,';ov  into  the  mixing  chamber.  The  end  of  the  react'. o?  tube  was 
•  m  w *,sr *1  t-  a  cold  (0°)  quenching  bath  containing  20  ml.  »  1  m ethanol 


a-  I  j5  rn  .  af  water,  a  mixture  which  kept  the  quenched  rear  t.  *•„ 


1  1  <  l  mege'.roi/H, 

A r,.e r  the  run  was  complete,  a  sufficient  quantity  cf  sat  /rated 
ainmoni  im  chloride  (adjusted  to  pH  7.  5  to  8.  0  by  ad  lit. ion  of 
in  hy  l- oxide )  was  added  to  dissolve  the  magnesium  salt"  and. 

*  a  -.<•  the  mi iy time  to  separate  into  two  layers.  The  aq  ie*  us  layer  was 
>  »  -  arte  d  with  ether  a*,  i  the  combined  organic  laye^H  wee  .k  .r  d  and. 

(  rc  ' >  ate d  Vv  cHs''-.iati.o  th,’o»jgh  a  30  cm.  Hcizmann  c*-  :m\.  The 

•  ■  kf  '-ate.i  so  .-thr-n  was  the'  arnuyzed  by  gas  cfc r .--matog raphy  as  pro- 
■  -  v  Ir-fr  'bed.  ’ 
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TABLE  UI 

Calculated  Reaction’Times  (sec.)  for  Pure  Ether 


lirogen  pressure 
[cm.  of  Hg) 

Reactor 

Length  (cm. ) 

Volume 

Passed  (ml. ) 

t  (sec. ) 

Reaction 

Time  (sec 

n.  i 

10.  6 

334 

13.  7 

0.  0266 

32.  1 

30.  2 

331 

15.8 

0.  0832 

45.  0 

121.5 

315 

17.2 

0.  375 

52.  9 

1C.  6 

340 

11.  0 

0. 0211 

52.  9 

30.  2 

332 

12.  0 

0. 0630 

<••• 

10.6 

342 

9.3 

0.  01.77 

73.  6 

30.2 

340 

10.  4 

0. 0532 

O  V  #  7 

10.  6 

340 

8.  ?> 

0. 0158 

o;.. 

30.  2 

338 

9.4 

0. 04PX 
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Appropriate  blank  experiments  demonstrated  that  this  analytical 
procedure  did  not  inadvertently  fractionate  the  reaction  products.  The 
res  ;..u,vi  of  these  experiments  are  summarized  in  Table  V. 


TABLE  V. 

Analytical  Procedure  Results 


Weight  (mg. ) 

Actual  %a 

Analyzed  %a 
Before  “"After 

‘-Etr.yi-2-pentene  (5) 

71.  7 

10.  7 

11.  8 

9.  1 

(2) 

121.  7 

16.  9 

18.  9 

17.  3 

p. 

?i.  3 

12.0 

14.  0 

13.2 

'1  ’li.arbinol  (4) 

251.9 

29.  6 

28.  3 

28.  3 

A-  >: 

596.8 

-  ~ 

........ 

— 

A  r.r  c :  lages  are  relative  to  anisole,  used  as  the  internal  standard. 
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